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The use of cassava as an animal feed, particularly in the European Common 
Market, has increased phenomenally during the last decade and during the present 
year the equivalent of more than 4 million tonnes of dried cassava is expected to be 
used in compound animal feeds in Europe. The use of both cassava root and foliage 
as animal feeds in other parts of the world, particularly in the producing countries 
themselves, is also increasing at a rapid rate. This book presents a state of the art 
review with respect to the use of cassava as an animal feed. It deals with the use 
of both the root and the aerial parts of the plant and also contains papers that 
discuss the production of single-cell protein from a cassava substrate. 
This is the thirteenth publication in the IDRC Cassava Series and the tenth 
that covers the findings of a small workshop. Three previous workshop themes have 
related to cassava in nutrition. The first covered cassava toxicity associated with the 
presence of the cyanide radical in the plant, the second dealt with· the market 
prospects for cassava as an animal feed, and the third embraced problems in the 
processing and storage of cassava. A number of research projects were identified 
at these workshops; several of them were subsequently funded by IDRC and some 
of the results from this research are described in this book. 
This monograph covers the proceedings of a 3-day meeting that took place in 
the Animal Science Department, University of Guelph, Canada from 18 to 20 
April 1977. The meeting consisted of six separate sessions. 
The first session followed welcoming addresses from Dean W. Tossell of the 
University of Guelph and B. L. Nestel on behalf of IDRC. Three papers were 
presented relating to biochemical considerations in using rations with high levels of 
cassava. The opening paper by A. A. Adegbola of the Animal Science Department 
of the University of Ife in Nigeria discussed the role of methionine as an additive 
to cassava rations in relation to both its characteristics as an essential amino acid 
and its role as a sulfur donor in the detoxification of HCN. This was followed by 
R. Hutagalung of the Animal Science Department of the Agricultural University 
of Malaysia who painted a broad picture of the possible need for additives other 
than methionine in high cassava diets. Finally D. C. Hill from the Nutrition Depart-
ment of the University of Guelph reported on work that had been conducted in his 
Department in recent years in relation to the detoxification of dietary cyanide and 
linamarin. The joint discussion on these three papers was opened by C. Devendra 
of the Malaysian Agricultural Research & Development Institute in Serdang 
(MARDI) and the session rapporteur was Z. Muller of Asia Research Ltd. in 
Singapore. 
The second half-day session was devoted to the use of cassava in poultry 
rations. The first of the two papers in this session covered cassava rations for 
broilers and was given by J. J. Montilla from the Animal Science Department of 
the Central University of Venezuela in Maracay. He was followed by T. A. Omole 
from the Animal Science Department of the University of Ife who dealt with the 
subject in relation to layer rations. The discussion for this session was opened by 
Jowayan Khajarern from the Animal Science Department of the University of 
Khon Kaen in Thailand and the session rapporteur was D. C. Hill. 
The second day of the workshop commenced with a session devoted to cassava 
in swine diets. The first paper covered the subject from a broad base and was 
given by Sarote Khajarern of the Animal Science Department at Khan Kaen 
s 
University. G. Gomez from CIAT in Colombia then dealt specifically with life-
cycle swine feeding systems based on cassava. The joint discussion opener was 
L. S. Castillo, Director of the Dairy Training and Research Institute and a member 
of the Animal Science Department of the University of the Philippines at Los 
Bafios, and the session rapporteur was J.C. Alexander from Guelph. 
The fourth session of the meeting reviewed work that had been carried out 
at Guelph during the previous five years by an interdepartmental team working 
on single-cell protein production using cassava as a substrate. The initial paper was 
from the team leader K. F. Gregory of the Department of Microbiology who dis-
cussed the microbiological implications of the work. He was followed by A. G. 
Meiering of the Department of Engineering who described the engineering aspects 
of the fermentor built for this project. Subsequently J. C. Alexander described 
some of the animal nutrition work with laboratory animals fed the fermented 
product and finally G. Gomez from CIAT described some· preliminary work that 
he and J. Santos had carried out in Colombia using a pilot plant that had been 
built and developed at Guelph and then shipped to Colombia for the type of feed 
trials that could only be carried out in a cassava producing area. J. Valle-Riestra 
from IDRC's Regional Office in Bogota, Colombia, opened the discussion on this 
session and T. A. Omole acted as rapporteur. 
The third day of the meeting commenced with a session focusing on cassava 
leaf and processing technology. A. Montaldo of the Faculty of Agronomy of the 
Central University of Maracay, Venezuela, presented a comprehensive paper on the 
agronomic aspects of producing cassava foliage for animal feed. He was followed 
by C. Devendra from MARDI who brought together a wide range of very scattered 
kp.owledge on the use of both the leaves and roots of cassava in ruminant rations. 
The final paper in this session was presented by Z. Muller from Singapore who 
discussed some recent advances in cassava processing technology in relation to feed 
value and utilization. P. Moore of CIAT opened the discussion at this session by 
presenting recent unpublished data on the production and use of cassava foliage 
at CIAT and the discussion was reported on by B. L. Nestel, an IDRC Consultant 
from London, England. 
The sixth and final session of the meeting was taken over by short reports by 
the five previous session rapporteurs whose statements along with those of the 
discussion openers have been synthesized by the editors, in a section entitled 
Discussion Conclusions. In addition, the references from the individual contribu-
tions have been combined in the final part of the book to form a comprehensive 
literature review. 
IDRC is particularly grateful to the University of Guelph for providing the 
facilities for the meeting and also for organizing visits to the Animal Science and 
Nutrition Departments and to the University farm. Particular thanks are due to 
K. F. Gregory who handled the local logistics and to P. Eastman of IDRC's Head 
Office in Ottawa who organized the travel and financial arrangements. 
Barry L. Nestel 
Consultant 
Agriculture, Food and Nutrition Science Program 
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Methionine as an Additive to Cassava-Based Diets 
A. A. Adegbola1 
Methionine is required by animals for the synthesis of proteins, as a major source of 
methyl groups, and in cassava-based rations, it serves as a source of sulfate ions for the 
purpose of detoxication. It shares this role with other sulfur-donors such as cystine, 
thiosulfate, and elemental sulfur. 
The amino acid patterns of cassava leaf meal and cassava root meal show a deficiency 
of methionine. Added methionine may be required to improve the quality and utilization 
of dietary protein. In a properly" balanced diet, additional methionine may be required 
primarily for the detoxication of prussic acid released in the hydrolysis of linamarin and 
Jotaustralin. 
Levels of 0.2-0.3% methionine, for poultry, and 0.2% methionine for pigs have 
been used in rations for these species and positive responses in terms of growth perform-
ance have been obtained in most cases. Attention is drawn to the need to relate responses 
to added methionine in rations to the levels of protein in the diet as well as to the physical 
nature and palatability of the feed. There is a need to relate the results of added methi-
onine to the levels of cysteine plus methionine in order to further explain the contradictory 
observations on urinary thiocynanate, particularly in swine. 
Methionine is an essential amino acid, and 
like other amino acids its primary role in nutri-
tion is for the synthesis of proteins .. Animals 
are dependent on their food· for their supply of 
methionine. Body requirements for methionine, 
like other amino acids, can be influenced by 
other dietary factors such as level of protein, 
energy, vitamin B12, folate, and the levels of 
certain other amino acids. In this regard, the 
level of cystine and/ or cysteine in animal diets 
is of importance and the usual consideration 
appears to be for a combined requirement of 
the sulfur-containing· amino acids, a proportion 
of which must be methionine in animal diets. 
A consideration of the metabolism of 
methionine indicates its other role in nutrition 
as that of a major source of methyl groups in 
the body. In its active form of S-adenosyl-
methionine, methyl groups can be transferred 
for example to guanidoacetic acid to form 
creatine or to nicotinamide to form N-methyl-
nicotinamide or to phosphadidyl-ethanolamine 
to form lecithine and to a number of other 
substrates to form other products required for 
various body processes. The residue of these 
methylation reactions is usually S-adenosyho-
mocysteine, which is then cleaved to adenosine 
and homocysteine. For the complete break-
lDepartment of Animal Science, University of 
Ife, lle-Ife, Nigeria. 
down of homocysteine, serine and/ or glycine 
are required to form cystathionine, which then 
breaks down irreversibly to cysteine and 
cystine, the other sulfur containing amino 
acids. The final oxidation of these latter acids 
results in the production of sulfate ion, pyru-
vate, and ammonia. 
If the main rational for supplementing cas-
sava diets with methionine is as a source of 
sulfate ions for the purpose of detoxication 
of the cyanide present in food, then from the 
purely biochemical point of view, this -role of 
detoxication cannot be a property of methio-
nine alone but of all sulfur containing amino 
acids. Olson et al. (1969) 2 obtained results that 
demonstrated that supplementation of cassava 
chick diets with 0.2 % methionine gave equal 
performance to 0.4 or 0.8% cystine addition 
to the diet. Methionine may, however, be pre-
ferred as an additive because it is an essential 
amino acid and when metabolized it yields 
cystine and cysteine and can thus be a source 
of these sulfur-containing amino acids where 
these are deficient. Generally, livestock rations 
based on cassava roots and leaves have used 
soybean meal and groundnut cake as sources 
of protein. These two protein concentrates are 
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deficient in methionine. Added methionine 
therefore helps to improve the protein quality 
of the rations. 
Protein Quality of Cassava 
To understand the effect of adding amino 
acids to cassava-based rations, it is useful to 
examine the quality of the protein in cassava 
roots and leaves. Rao et al. ( 1951) analyzed 
purified tapioca protein with an ash. content 
of 1.03 % for nitrogen ( 10.5%) and for amino 
acids (calculated on g/16 g N basis) . The ap-
proximate composition was arginine 8.2, his-
tidine 3.5, tyrosine 1.3, tryptophan 1.7, cystine 
2.6; the sample contained no methionine. Simi-
larly, FAQ in 1970 noted that cassava meal 
contained only 22 mg/ 100 g of methionine 
(compared with 182 mg/ 100 g for maize) and 
that cassava was generally deficient in the sul-
fur amino acids. 
The effect of heat treatment on the pro-
tein quality of cassava leaves was investigated 
by Pechnik and Guimaraes ( 1962). Meals pre-
pared from leaves dried at room temperature 
promoted growth of Wistar rats at a slow, sub-
normal rate, while meal obtained from leaves 
dried at 70-80 °C for 24 h produced no growth 
response unless the diet was supplemented with 
methionine and lysine. When the meal was 
prepared with cassava leaves dried at 70-
80 °C for 24 h, boiled, and redried, it did not 
stimulate growth even when supplemented with 
lysine, methionine, and threonine. Further, 
Pecknik and Guimaraes (1963) prepared 
meals from sweet cassava leaves dried at room 
temperature (25 °C) and in a refrigerator 
(5 °C). They concluded that the diet contain-
ing material dried at 5 °C proved to be supe-
rior, except when supplemented with lysine 
and histidine. The best growth response was 
produced with diets supplemented with 
methionine alone and the minimal amount re-
quired to produce optimal feed efficiency was 
0.3%. 
Eggum (1970) fed rats diets in which all the 
N was derived from the protein· of leaves of 
three cassava cultivars and reported an average 
true digestibility of 72.97 % , a low biological 
value of 53.37%, a much lower net protein 
utilization of 38.93 % , and utilizable nitrogen 
of 2.17%. 
Amino acid profiles of cassava leaves by 
Eggum (1970) and Rogers and Milner (1963) 
indicate a low content of methionine and 
cystine in the leaf protein (Table 1). Ross and 
Enrique (1969) also estimated the level of 
methionine in cassava leaf meal to range be-
tween 0.25 and 0.32% and that of cystine as 
0.18-0.23 % as fed. The content of other essen-
tial amino acids appears to be adequate, es-
pecially that of lysine for chick diets. 
When 50% of the nitrogen was supplied by 
dried cod fish and 50% by cassava leaf, the 
Table 1. Amino acid profiles (%) for cassava leaf protein dry matter 
(Rogers and Milner 1963; Eggum 1970). 
Average for NRC 
Jamaican Brazilian Nigerian all samples requirements 
samples samples ·samples (as fed) for chicks 
(average) (average) (average) 20%ofdiet (0-6 wks) 
Arginine 5.54 6.49 5.89 1.18 1.2 
Glycine 5.66 5.64 5.55 1.10 1.0 
and/or 
Serine 5.42 4.88 5.31 0.27 
Histidine 2.34 2.71 2.60 0.50 0.4 
Isoleucine 5.26 5.13 5.04 1.01 0.15 
Leucine 9.33 9.38 9.29 1.83 1.4 
Lysine 1.56 6.71 6.64 1.37 1.1 
Methionine 1.73 1.81 2.13 0.37 0.15 (or0.40) 
Cystine 1.44 1.10 1.65 0.27 0.35 
Phenylalanine 6.11 5.86 5.64 1.15 1.3 (or 0. 7) 
Tyrosine 4.39 4.17 4.46 0.85 0.6 
Threonine 5.17 5.01 5.15 1.00 0.7 
Tryptophan 1.54 2.91 2.36 0.40 0.2 
Valine 6.02 5.91 6.36 1.19 0.85 
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biological value of the protein in the diet 
increased to 72.8% and to 80.4% when the 
cassav:a leaf diet was supplemented with 
methion.ine. Similarly, net protein utilization 
was 36.4, 58.7, and 56.5% for diets in which 
the protein N source was cassava leaf meal, 
cassava-cod, and methionine supplemented 
cassava, respectively (Eggum 1970). The ef-
fects of methionine on protein utilization by 
rats have since been confirmed (Maner and 
Gomez 1973, and Job 1975). 
Biochemical Considerations 
Protein from cassava leaves and roots con-
tains inadequate quantities of the sulfur amino 
acids. When fed with groundnut cake (0.4% 
methionine) or soybean meal (0.7% methi-
onine), both of which are deficient in methi-
onine, there is a methionine deficiency per se 
that is bound to affect the overall utilization of 
the dietary protein either by poultry or pigs. 
One possibility therefore is for the dietary pro-
tein quality to be improved by the addition of 
crystalline DL-methionine (Rogers and Milner 
1963; Eggum 1970; Maner and Gomez 1973; 
Job 1975). 
A second possibility is that the added methi-
onine is primarily required for the detoxication 
of prussic acid released on the hydrolysis of 
the two major cyanogenic glucosides of cas-
sava, linamarin and lotaustralin. Linamarin 
yields free HCN acetone and D-glucose on 
enzymatic or acid hydrolysis, whereas lotaustra-
line yields free HCN, 2-butanone, and D-
glucose in the same process (Nartey 1973). 
The content of HCN varies markedly in cas-
sava roots depending on soil humidity, plant 
part, tuber, rind, and flesh. Sinha et al. (196~) 
reported HCN contents of 275-490 mg/ g m 
cassava root meal (rind plus flesh) for better 
varieties of Manihot utilissima and 35-130 
mg/ g in root meal of the sweet varieties M; 
aipi in India. 
Lang (1894, 1895) suggested that the for-
mation of thiocyanate was the principal route 
for detoxication of cyanide ·in animals and that 
the liver was the chief site of detoxication. 
Later in 1933, Lang postulated the occurrence 
of the enzyme rhodanese in various body ti~­
sues and stated that this enzyme was responsi-
ble for the conversion of the cyanide ion to 
thiocyanate under aerobic conditions in the 
presence of thiosulfate colloidal sulfur: 
HCN + N~S203 ~ HSCN + Na2SOa 
Himmich and Saunders (1948) working on 
the distribution of the enzyme rhodanese in 
tissue homogenates concluded that the thio-
sulfate ion was the only sulfur containing com-
pound capable of efficiently providing sulfur 
in his in vitro system. Later, Wood and Cooley 
(1956) noted that the reaction of cyanide with 
cystine yields cysteine and ,8-thiocyanoalanine, 
which tautomerizes to 2-aminothiazolidine-4-
carboxylic acid or the equivalent 2-imino-4-
thiazolidine carboxylic acid. Further, when 2-
imino-4-thiazolidine was administered to rats, it 
was not converted to cysteine or to thiocyanate. 
When cyanide entered the body 2-imino-4-
thiazolidine carboxylic acid was excreted in the 
urine. It was therefore concluded that this 
reaction constitutes a new, independent path-
way for detoxication of cyanide in the body. 
A comprehensive review of the mode of 
cyanide detoxication was presented by Oke 
( 1973) who also pointed out that vitamin B12 
occurring as hydroxocobalamin can react with 
cyanide to give cyanocobalamin constituting 
another pathway for cyanide detoxication. 
Further, he noted that 3-mercaptopyruvic acid 
arising from cysteine by transamination or 
deamination can provide sulfur as rapidly as 
thiosulfate for cyanide detoxication and also 
that powdered sheep thyroid gland shows some 
detoxicating effect on cyanide when adminis-
tered to mice. The major reactions so far 
known to be involved in cyanide detoxication 
are shown in Fig. 1. The diagram suggests that 
thiosulfate and not methionine per se is the 
required substance for the formation of thio-
cyanate by rhodanese and that to . m~ke 
methionine-sulfur available for detox1cation 
purposes, methionine has to be metabo~ized. 
Indeed, there is ample evidence in the htera-
ture to support the view that other ~ulf~r­
donors can be responsible for the detox1cat1on 
of cyanide originating from diets in ruminant 
animals. For example in 1949, Blakley and 
Coop concluded that HCN in. sheep is rap.idly 
detoxified in the rumen and hver by reactions 
with sulfide or cystine and calculated that ap-
proximately 1.2 g of sulfur are required to de-
toxify each gram of HCN ingested. 
In 1975 Wheeler et al. concluded that a 
significant part of the sulfur ingested b~ ani-
mals grazing Sorghum spp. may be used m d~­
toxication of the HCN produced from dhumn 
during digestion in the rumen. They observed 
that sheep grazing a sorghum X sudan grass hy-
brid, and allowed access to salt licks contain-



























Fig. 1. Principal metabolic pathways of the cyanogenetic glucosides, cyanide and 
thiocyanate (after lob 1975). 
ing 18% S, showed 32% higher (p < 0.05) 
liveweight gains than the control sheep on 
0.1 % sulfur licks. Sheep grazing forage ferti-
lized with 84 kg N/ha and given access to licks 
containing 8.5% S gained 32% more live-
weight than controls with 0.1 % S licks, 
whereas sheep on 168 kg N/ha forage on 
8.5% s licks gained 88% more than the con-
trol sheep. The possibility that rumen micro-
organisms can synthesize methionine from ele-
mental sulfur sources cannot be ruled out. 
The synthesis of methionine from cysteine and 
cystine· by microorganisms in the presence of 
vitamin B12 has already been demonstrated by 
Horowitz (1947). 
The effect of other sulfur donors in detoxi-
cation is not restricted to ruminants alone. 
Similar effects have been observed in poultry 
feeding. Thus Ross and Enrique (1969) 
demonstrated that when additional sulfur as 
0.15 % N a2S20 3 • 5H20 (sodium thiosulfate) 
was supplied to chicks on a 20% cassava-leaf 
diet, the 8-day body weight (74.3 g), as 
well as the feed/ gain ratio (2.18) com-
pared favourably with the body weight (72.8 
g) and feed/gain ratio (1.75) of chicks fed 
0.2% methionine-supplemented 20% cassava-
leaf meal diets. Van Weerden et al. (1976) 
working with 0-5-week-old broiler chicks in 
battery cages examined the possibility of re-
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ducing the requirements for sulfur amino 
acids in the ration by addition of inorganic 
sulfate. To a basal broiler ration of corn and 
soybean meal containing 0. 73 methionine plus 
cystine, 0.1 % Na2S04 supplying 0.068% in-
organic sulfate was added. The diets were sup-
plemented with 0.78, 0.82, 0.92, or 1.02% 
methionine, plus cystine. The addition of the 
sulfate produced an increase in weight gain at 
5 weeks of 0.9 % and a reduction in feed con-
version of 1.2 % , both effects were significant 
at p < 0.5 and not related to the contents of 
methionine and cystine. 
Similar effects of other sulfur donors to the 
detoxication process will be discussed later in 
relation to swine production. For now, atten-
tion should be drawn to the report by Maner 
and Gomez (1973) that methionine supple-
mentation significantly improved body growth 
and feed conversion of rats and pigs, and led 
to an increase in urinary excretion of thio-
cyanate. Job (1975), on the other hand, re-
ported that the addition of methionine to a 
cassava meal diet produced a reduction in uri-
nary thiocyanate excretion. This apparent con-
trast suggests the need for further study of the 
significance of different biochemical pathways 
of detoxication a8 they relate to the proportion 
of cystine to methionine in the ration of swine 
diets. 
Addition of Methionine to Cassava-
Based Rations 
Root-Meal Based Diets for Poultry 
The earliest report on supplementing a cas-
sava-based diet with methionine is that of 
Enriquez and Ross (1967), who fed up to 50% 
cassava to poultry with or without 4% molas-
ses and 3.7% soybean oil. They observed con-
sistent but not always significant improvement 
in body weight when the cassava ration was 
supplemented with 0.15-0.20% DL-methionine 
(Table 2). Similar effects were obtained for 
other dietary supplements and methionine on 
feed conversion. Neither soybean oil alone nor 
molasses alone had any beneficial effect on 
feed utilization without methionine; however, 
they improved performance when added to me-
thionine supplemented rations. They concluded 
that when the ration was well balanced with 
respect to protein and methionine, up to 50% 
cassava root meal satisfactorily replaced corn 
in the diet. Molasses probably improved the 
palatability of the cassava diet, whereas soy-
Table 2. Body weights (g) and feed conversion 
of 3-week-old White Leghorn cockerel chicks fed 
50% cassava root meal supplemented with soybean 
oil or molasses singly or in combination with 
methionine (Enriquez and Ross 1967).1 
Body 
weight Feed/gain 
0% cassava 214a 2.14ab 
50% cassava 191b 2.28bcd 
Supplement to 50% cassava diet: 
4% molasses 187bC 2.39Cd 
3.7% soybean oil 178° 2.43ctl 
0.15% methionine 213a 2.lQab 
0.20% methionine 213a 2.09ab 
0.15% methionine 
+ 4% molasses 2lla 2.19abc 
0.20% methionine 
+ 4% molasses 219a 2.06ab 
0.15% methionine 
+ 3.7%.soybean oil 214a 2.osab 
0.20% methionine 
+ 3.7% soybean oil 219a l.96a 
1 Means in any one column with the same superscript do not 
differ significantly (p < 0.01). 
bean oil reduced its dustiness and impr:oved its 
content of essential fatty acids. 
These results have essentially been con-
firmed by Gadelha et al. (1969) using 336 
one-day-old Shaver starboro chicks of both 
sexes on 0, 15, 30, and 45% levels of cassava 
diets supplemented with 0.2% DL-methionine. 
They observed that with increasing levels of 
cassava meal, chicks gained weight more slowly 
and required more feed/kg of gain. The chicks 
also consumed less food with increasing levels 
of cassava meal although the differences were 
not significant. 
Scientists at the University of Wisconsin 
(Anonymous 1970) reported that 0.20% sup-
plemental methionine in chick diets comprised 
of 45 % cassava meal gave optimum result, 
although substituting cassava meal for maize 
increased the chicks' requirement for methi-
onine. 
Leaf-Meal Based Diets for Poultry 
Poor utilization of unsupplemented cassava-
leaf meal rations by chicks may be attributed 
to an increase in fibre and a decrease in energy 
content, as well as an increased requirement 
for sulfur amino acids to overcome an induced 
methionine imbalance (Ross and Enriquez 
1969). These workers observed that the addi-
tion of 0.2% methionine to the positive con-
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Table 3. Body weight (g) and feed conversion 
of 3-week-old W.L.H. cockerel chicks fed 203 
cassava leaf meal and graded levels of methionine 
(Ross and Enriquez 1969).1 
03 cassava leaf meal (CLM) 
03 CLM + 0.23 methionine 
203 CLM alone 
203 CLM + 0.23 methionine 
203 CLM + 0.33 methionine 
203 CLM + 0.43 methionine 

















1Means in any one column with the same superscript do not 
differ significantly (p < 0.01). 
Table 4. Body weight gain (g) and feed conversion 
of 3-week-old W.L.H. cockerel chicks fed 15 and 
20% cassava leaf meal supplemented with 
either molasses, soybean oil, and/or methionine 
(Ross and Enriquez 1969).1 
Body 
weight Feed/gain 
03 cassava leaf meal 
219a 1.86 (no supplement) 
153 cassava leaf meal 
115b 2.17 + 0.153 methionine 
+ 53 molasses 154° 2.46 
+ 0.153 methionine and 
5 3 molasses 177b 2.32 
203 cassava leaf meal 
+ 0.153 methionine 177b 2.11 
+ 0.203 methionine 191ab 2.06 
+ 3.03 soybean oil 140° 2.45 
+ 0.153 methionine and 
3.03 soybean oil 192ab 2.06 
+ 0.203 methionine and 
3.03 soybean oiil 212a 2.14 
lMeans in any one column with the same superscript do not 
differ significantly (p > 0.01). 
trol, i.e. 0% cassava-leaf meal diet, improved 
growth and feed conversion (Table 3) show-
ing that there might have been a marginal 
methionine deficiency in the ration. Table 3 
also shows that when increasing levels of me-
thionine were added to 20% cassava-leaf meal 
rations, body weight and feed conversion were 
improved by each increment up to 0.3 % 
methionine, although the feed conversion was 
not as low as that of the methionine supple-
mented control group. This suggests that the 
20% cassava-leaf meal may have less avail-
Table 5. Effect of methionine and fat 
supplementation on the utilization of cassava by 




Control corn/soybean meal 0.74 2.81 
553 cassava meal (CM) 0.76 2.61 
553 CM + 0.13 methionine 0.83 2.46 
553 CM + 0.23 methionine 0.82 2.49 
553 CM + 103 beef tallow 
+ 0.13 methionine 0.80 2.35 
553 CM + 103 beef tallow 
+ 0.23 methionine 0.74 2.21 
553 CM + 103 beef tallow 0.85 2.24 
able energy than the positive control group. 
Ross and Enriquez (1969) also observed 
that the addition of both molasses and soy-
bean oil to methionine supplemented 20% 
cassava-leaf meal diets had no effect on body 
weight gains and feed conversion of 3-week-
old white leghorn cockerel chicks (Table 4). 
Root-Based Diets for Swine 
Hew and Hutagalung (1972) found decreas-
ing feed intake in growing swine when their 
dietary level of cassava meal was increased. 
They added 0.2% methionine to the 50% cas-
sava-based diet and this significantly improved 
performance. The addition of 0.4% methi-
onine to the ration did not improve animal 
performance although when palm oil was 
added · to the high methionine ration, live-
weight gains and feed conversion were im-
proved. They suggested a possible interaction 
between the fatty acids present in the palm oil 
and the methionine in the diet. This is not 
likely because cassava-based rations may be 
deficient in essential fatty acids as well as in 
amino acids, e.g. linoleic acid. 
Similar results for added methionine have 
been reported by Maner and Gomez ( 1973) 
who observed an increase in urinary thio-
cyanate in pigs fed methionine supplemented 
cassava-based diets. Maner ( 1974) reported 
overcoming the slight depression in average 
daily gain by supplementing a fat-and-molasses 
supplemented 55% cassava meal diet for pigs 
with 0.1 and 0.2 % methionine (Table 5). 
They suggested that the methionine was re-
quired to overcome sulfur-amino deficiency 
and to supply labile sulfur for detoxication of 
the HCN cassava. The fat (as tallow) was 
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Table 6. Effect of dietary supplemental sulfur source on the performance of growing pigs 
fed dried bitter cassava rations (Job 1975). 1 
Control + supplement 
Control Methionine Na2S20a·5H20 Sulfur 
Average daily gain (kg) 0.67 0.70 0.61 0.65 
Feed/gain 2.43 2.29 2.32 2.29 
Average daily protein intake (kg) 2.32 0.29 0.28 0.28 
Protein efficiency ratio 2.09b 2.39a 2.22ab 2.32a 
Average serum thiocyanate (mg/100 ml) 1.25 1.38 1.19 1.34 
Average serum thiocyanate (mg/100 ml)2 2.63 3.60 2.82 3.07 
Urinary thiocyanate (mg/kg feed) 19.31b 17.53b 23.76a 20.76ab· 
Urinary thiocyanate (mg/kg feed)2 56.51 50.73 66.19 61.20 
Urinary nitrogen excretion (%) 30.46 28.45 30.23 33.85 
Urinary nitrogen excretion (%)2 27.62ab 30.96R 22.46° 25.25b0 
Urinary sulfur excretion (mg/kg feed) 4.18° 5.33C 17.19a 7.05b 
Urinary sulfur excretion (mg/kg feed) 2 3.76b 4.62b 17.66" 4.46b 
1Values with the sa~e superscript are not significantly different (p = 0.05). 
2300 ppm CN- added as KCN to the 90 ppm CN- contained in the 70% bitter cassava meal (determined by hydrolysis with 
added linamarase). 
added to reduce dustiness and the molasses to 
improve palatability. 
A lack of significance of the effect of added 
methionine to swine diets has been observed by 
Job (1975). He fed growing pigs basal rations 
of 71 % bitter cassava meal plus 24.5% soy-
bean meal supplemented with 0.2% methi-
onine, 0.785% sodium thiosulfate, or 0.2% 
elemental sulfur. He observed that none of the 
three supplemental treatments had any effect 
on the average daily gains, average daily dry 
matter intake, feed efficiency, or serum thio-
cyanate concentration of the growing pigs. 
Methionine or elemental sulfur supplementa-
tion significantly (p < 0.05) improved the 
efficiency of protein utilization of pigs on these 
treatments compared with the unsupplemented 
control. Only the sodium thiosulfate treatment 
significantly increased urinary thiocyanate ang 
sulfur excretion. There was no significant im-
provement in the protein efficiency ratio com-
pared with the control (Table 6). These results 
suggest that 71/.25% cassava-soybean meal 
probably supplied enough sulfur-amino acids 
to meet the needs of growing pigs and that 
there was no need to add methionine or any 
other sulfur source to handle detoxication of 
cyanide at the level likely to be encountered 
in a dried cassava-based ration. 
When 300 ppm CN- was added to the ration 
as KCN, there were significant differences in 
urinary thiocyanate, and urinary nitrogen and 
sulfur excretion, although the level of serum 
thiocyanate did not appear to be affected 
(Table 6). The amount of cyanide ingested ap-
pears to be the principal factor controlling 
the need for an external sulfur source in pig 
diets. Growing pigs may be able to make use 
of other sources of added sulfur as well as 
methionine. 
Leaf-Based Diets for Swine 
Incorporating 10-20% cassava leaf-meal 
into the rations of growing-finishing pigs, Lee 
and Hutagalung ( l 972a,b) demonstrated that 
cassava-leaf meal diets reduced palatability, 
and depressed weight gains and feed conver-
sion. The addition of either 0.2 % methionine 
or 0.15% sodium thiosulfate to the 20% cassa-
va-leaf meal diet tended to improve (no,nsignifi-
cantly) the performance of growing pigs. The 
effect of adding palm oil and molasses to the 
methionine supplemented cassava rations ap-
pears to be marginal and not of any major 
significance. The levels of cyanide in the diets 
did not produce any toxic symptoms through-
out the experiment and confirmed the view that 
there may not be any need for addition.al me-
thionine in a ration that is judged adequate in 
terms of its sulfur-amino acid content for 
growing-finishing swine. There seems to be no 
effect from adding excess methionine to the 
ration, although it may lead to an additional 
requirement of other amino acids, for example, 
glycine and/ or serine. 
Cassava-Based Rations for Rabbits 
Work at the University of Ife on feeding 
cassava diets to rabbits demonstrated that the 
rate of gain decreased with increasing levels of 
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Table 7. Effect of feeding methionine (0.2%) supplemented cassava rations on the 
performance of fryer rabbits. 
Control 15% cassava 30% cassava 45% cassava 
+ + + + 
meth meth meth me th me th ·meth meth meth 
Weight gain (g/day) 18.91 18.50 18.56 17.53 18.12 17.45 16.67 16.59 
Feed intake (g/day) 59.40 55.41 63.92 59.19 61.64 59.67 58.00 63.14 
Feed/gain 3.14 2.98 3.47 3.37 3.40 3.42 3.22 3.83 
Urinary thiocyanate (mg/ml) 3.0 3.0 
cassava in the ration, although this decrease 
was not significant until the ration contained 
45% cassava root meal (Omole and Eshiett 
1976). Preliminary results show that the addi-
tion of 0.2 % methionine to the control and 
45 % cassava diets resulted in very slight im-
provement (0.22 and 0.48%, respectively) in 
live weight gain over the unsupplemented diets. 
When the 15 and 30% cassava diets were sup-
plemented, however, there was a 5.9 and 3.5% 
gain over the unsupplemented rations (Table 
7). Addition of methionine to the ration did 
not improve the efficiency of feed utilization 
significantly; neither did it affect the quantity 
of urinary thiocyanate excreted by the animals. 
In the absence of any stated methionine re-
quirement for grower rabbits, it is difficult to 
reach any valid conclusions based on this 
single study. The results merely show some in-
teresting results and have implications as to 
the need for additional methionine for rabbits 
fed cassava-based rations. 
Conclusions 
There is a suggestion from the literature 
that care must be taken in reaching any firm 
conclusion as to the need for added methio-
nine per se in the diets of poultry and pigs fed 
cassava-based rations. Although there is a posi-
tive response to levels of 0.2-0.3 % methionine 
(for poultry) and 0.22% (for pigs) in the 
ration in terms of growth performance, in 
almost all cases, the responses have not been 
related to the levels of methionine plus cystine 
present in the rations fed or to the level of 
cyanide present in the meals. The overall pro-
tein and digestible energy levels of the rations 
are also factors that should be taken into con-
sideration in specifying the need for added 
methionine. In some instances, the physical 
nature and palatability of the feed will affect 
intake and hence adequacy of its methionine 
5.40 5.40 5.10 5.60 4.65 5.40 
supply for growth purposes. In these cases, the 
addition of palm oil, tallow, and molasses help 
to improve overall feed intake. 
The major reasons for methionine addition 
are to correct the low content of sulfur-amino 
acids in the ration and thus improve the quality 
of dietary protein, and to serve as a readily 
available source of sulfur for cyanide detoxica-
tion. The increase in urinary thiocyanate ob-
tained from animals fed methionine by some 
workers (Maner and Gomez 1973; Maner 
1974) has not been confirmed by others (Job 
1975). However, Job (1975) obtained in-
creased urinary thiocyanate with the addition 
of sodium thiosulfate to the diet of pigs, sug-
gesting that thiosulfate might be a better source 
of sulfur for detoxication of cyanide in swine 
than methionine. The need for additional me-
thionine for the purpose of detoxication can 
be met by the addition of other sulfur-donating 
compounds to the diet, although these cannot 
replace methionine in a ration normally de-
ficient in this amino acid. For a ration balanced 
in proteins and amino acids there may not be 
a need for supplementation. 
The cost of supplementation may also be 
high, particularly in the developing countries 
where crystalline DL-methionine is not always 
readily available and has to be imported. In 
such countries, it may be cheaper to use thio-
sulfate, elemental sulfur, or in some cases, feed 
a high protein level. Baba:tunde et al. (1976) 
supplemented low protein diets for broiler 
chicks with methionine and concluded that the 
growth stimulation obtained for the supple-
mented diets was not enough to surpass the 
response to the 24% unsupplemented protein 
control. They concluded that in the Nigerian 
situation, a high protein diet unsupplemented 
with methionine was more economical to feed 
to broilers than methionine supplemented low 
protein diets. Similarly, at a 24% protein level, 
Job (1975) found no need for supplementing 
ADEGBOLA: METHIONINE AS AN ADDITIVE 17 
a 70% cassava-based ration with additional 
methionine, thiosulfate, or elemental sulfur. 
Therefore, for both poultry and swine, primary 
consideration should be given to the adequate 
balance of protein and energy levels, as well as 
to adequate supply of sulfur-amino acids, to 
palatability, and to improving intake, before 
considering the addition of DL-methionine or 
of any other sulfur-donating compounds when 
feeding cassava-based diets. Little work has 
been reported on supplementing cassava-based 
diets for ruminants with methionine, although 
there have been positive responses to increased 
supply of dietary sulfur by sheep grazing sor-
ghum and sudan grass. 
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Additives Other than Methionine in Cassava Diets 
R. I. Hutagalung1•2 
The problems of nutritional insufficiencies and metabolic diseases associated with 
feeding cassava-based diets and the roles of feed additives intended to alleviate these are 
discussed. Improvements in the nutritive value of cassava-based diets with feed additives 
can be made through: (1) adjustments in the energy (nutrient) density by adding fats or 
oils, sugars, or molasses and balancing the source. and level of protein, amino acids, 
minerals, vitamins, and pigments; or (2) enrichment by microbial fermentation. The 
primary consideration in the improvement of cassava products through either feed additive 
fortification or microbial enrichment should be the economic feasibility of substitution 
with conventional feedstuffs and their safety for animal feeds, and the suitability of the 
subsequent animal products for human consumption. 
Cassava (Manihot esculenta) has been 
widely used as a feedstuff and provides a major 
source of energy for livestock in Asia, Africa, 
Europe, and South America (Nestel 1975). 
However, numerous research findings and field 
reports have indicated that its extensive use in 
poultry and swine feeds has encountered some 
nutritional problems and diseases, including: 
its low protein, mineral, and vitamin content 
(Table 1 ) ; variation in HCN content resulting 
in acute and chronic toxicity, i.e., ataxic neuro-
pathy; suspected goitrogenic substances caus-
ing iodine deficiency (goitre); reduction in 
availability of certain mineral elements result-
ing in zinc parakeratosis in pigs; low palat-
ability due to dry texture, high ash, and crude 
fibre content causing poor digestibility and 
diarrhea; enzyme-inhibiting factors causing 
poor absorption of vitamins and minerals; poor 
performance and lack of skin and egg yolk 
pigmentation; and contamination by patho-
genic microorganisms causing aflatoxicosis 
(Hutagalung and Tan 1976). Nevertheless, 
these problems are not confined only to feed-
ing of cassava but they have been encountered 
in feeding other feedstuffs, such as rice bran, 
soybean, and cottonseed meal. 
Within the last decade, efforts have been 
made by various workers to overcome these 
problems and to improve the nutritive value 
of cassava by investigating the effects of sup~ 
plementation of nutritive and nonnutritive feed 
additives to cassava-based diets. These addi-
tives include: source and level of energy and 
protein, synthetic amino acids, minerals, vita-
!Department of Animal Science, University of 
Agriculture Malaysia, Serdang, Selangor, Malay-
sia. 
2The author acknowledges the assistance of 
IDRC for the travel grant sponsorship to attend 
and present this paper. 
mins, antibiotics and antifungals, pigments, 
flavouring agents, hormones, aiid enzymes. 
To cover such a wide range of subjects is a 
difficult one. Moreover, conflicting results from 
animals given diets containing high levels of 
cassava present problems of interpretation. It 
is hoped that from this workshop a uniform 
guideline for animal nutritionists to assess ac-
curately the nutritional value of cassava prod-
ucts can be formulated. Likewise, standard 
specifications for the cassava products should 
be adopted to ensure valid comparisons can be 
made from different localities. 
Energy 
Nutritive Feed Additives in 
Cassava-Based Diets 
Energy required by livestock for growth of 
body tissues, production of eggs, performance 
of vital physical activities, and maintenance of 
normal body temperature, is derived from 
carbohydrates, fats, and protein in the diet. 
The most efficient nutrition of livestock is ob-
tained when the diet contains the exact propor-
tion of energy to other nutrients required to 
produce the desired growth, meat, milk and 
egg production, or body finish. The energy 
level of the diet appears to be the most im-
portant factor determining feed intake. The 
nutritionist must consider energy in terms of 
the digestible starch, sugars, fats, and protein 
in the feedstuff and must consider how proces-
sing of the ingredients, balancing of the diet, 
and addition of special supplements such as 
antioxidants or enzymes may aid in providing 
the animals with the maximum amount of 
usable energy. Scott et al. (1969) stated that 
in diets containing adequate amounts of all 
required nutrients, the efficiency of feed uti-
lization depends upon the metabolizable energy 
content of the diet. 
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Table 1. Proximate analysis and amino acid 
composition of cassava roots and leaves 
(Hutagalung et al. 1973). 
Leaves 
Proximate analysis1 
Dry matter 90.00 
Ash 5.50 
Crude fibre 15.90 
Ether extract 6.30 
N-free extract 37.30 
Protein (N X 6.25) 25.00 
Gross energy (kcal/g) 5.30 
Calcium 1.40 
Phosphorus 0.25 
Copper (mg/kg) 8 
Iron (mg/kg) 450 
Manganese (mg/kg) 46 













Aspartic acid 2.44 
Cystine 0.21 
Glutamic acid 1.99 
Glycine 1.73 
Pro line 0.88 
Serine 1.68 
Tyrosine 0.89 
1 Expressed as percentage or unit of "as fed" sample. 






























Addition of fats to a nutritionally complete 
diet often produces a slight increase in growth 
and always improves efficiency of feed utili-
zation in monogastric animals. This is due to 
the higher caloric density of the fat-containing 
diet. However, benefits from fat alone can be 
obtained when amounts of all other nutrients 
in the diet are increased in proportion to the 
increase in energy level. 
Several workers have reported that a higher 
level of cassava root supplement in diets of 
poultry and pigs depresses growth and feed 
efficiency (Oyenuga 1961; Castillo et al. 1964; 
Enriquez and Ross 1967; Olson et al. 1969a,b; 
Hew and Hutagalung 1972; Miiller et al. 
1972). Similar reports have been made on the 
supplementation of a large concentration of 
cassava leaves in rat, chick, and pig diets 
(Rogers and Milner 1963; Terra 1964; Ross 
and Enriquez 1969; Adrian and Peyrot 1970; 
Eggum 1970; Lee and Hutagalung 1972; Huta-
galung et al. 1973, 1974). The reasons given 
for this growth depression, apart from the 
HCN content are: powdery characteristic of 
the roots; dry and loose texture of leaves; bulki-
ness of both leaves and roots; high ash content 
of the roots; and high crude fibre content of 
the leaves. 
Growth depression of animals fed cassava-
based diets was corrected by the addition of 
fats and oils (Hutagalung 1972; Hew and 
Hutagalung 1972; Lee and Hutagalung 1972). 
Fats and oils have been used extensively as 
sources of energy for feeding livestock. Within 
the last decade Malaysia imported substantial 
amount of fats (tallow and lard) from other 
countries (USA, Australia, New Zealand) as 
feed ingredients. However, in view of the high 
cost of these imported fats, the feed manufac-
turers have substituted these with local sources 
such as crude palm oil and one of its by-
products stearin. Studies in pigs and poultry on 
the use of palm oil and stearin as an energy 
source have shown favourable responses in rate 
of gain and feed efficiency (Hutagalung 1972; 
Ng and Hutagalung 1974; Hutagalung and 
Chey 1975; Hutagalung and Chang 1977a,b). 
In terms of energy and digestibility, palm oil 
is superior to fats of animal origin (Table 2). 
The energy values of the roots and leaves have 
been evaluated (Hutagalung et al. 1973; Miil-
Ier et al. 1974) (Table 3). 
The improved performance of animals fed 
palm oil may be attributed to the increased 
energy intake. Faster rate of gain was obtained 
from the addition of palm oil up to 8% to the 
cassava or sago diet, beyond which a plateau 
occurred (Hew 1975). 
Various sources and levels of fats and oils 
have been added to cassava-based diets. Supple-
mentation of 5% palm oil to the 50% cassava-
0.2% methionine diet improved the perform-
ance of pigs (Hew and Hutagalung 1972). 
Hutagalung and Chang (1977b) studied the 
effects of palm oil, stearin, lard, and tallow 
addition to a cassava-based diet on the per-
formance and carcass quality of growing and 
finishing pigs. Supplementation of either palm 
oil or stearin within the range of 5-10% to a 
30% cassava-based diet significantly improved 
the rate of gain and feed efficiency of pigs 
compared with those on the basal and the lard 
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Table 2. Nutritive value of animal fats and vegetable oils (NRA 1974). 
ME (kcal/g) 
Avg. fatty acid content (3) 
Melting Digestibility (3) in Sa tu- Unsatu- Linoleic 
point (0C) in monogastrics monogastrics rated rated acid 
FGAF1 34-38 93 8.75 44 56 10 
Lard 32-38 94 8.85 36 64 12 
Poultry fat 28-35 96 9.00 28 72 25 
All beef tallow 38-42 84 7.80 56 44 2 
Palm oil 28-36 96 8.90 42 58 10 
1 Feed Grade Animal Fats are mixtures of poultry fat, lard, and beef tallow. 
Table 3. Metabolizable energy values (ME, kcal/g) 
of cassava leaves and roots for livestock 
(on a dry matter basis). 
Roots 
Poultry1•2 3.23-3.65 
Swine1• 2 3.55-3.80 
Sheep2 3.07 
Cattle2 3.25 
1 Hutagalung et al. (1973, 1974); Hew (1975). 




or tallow cassava-based diets. Carcass quality 
evaluation showed that palm oil or stearin ad-
dition at 5% to cassava-based diets produced 
better carcass quality compared with those on 
basal, lard or tallow supplemented diets (Table 
4). Fatty acid composition of the tissues was 
studied and the results are being analyzed. 
Devendra and Hew (1977) fed pigs varying 
levels of palm oil (0, 5, 10, 20, 25, 30%) in 
diets containing cassava-root meal ranging 
from 10 to 24%. They found no apparent dif-
ferences in rate of gain and feed efficiency due 
to levels of palm oil and cassava. With such a 
wide range of palm oil addition, carcass char-
acteristics were not affected by either palm oil 
or cassava, even at the 30% palm oil level, 
except that the iodine value increased with in-
creasing levels of palm oil supplementation. 
However, they suggested that the optimum 
level of palm oil inclusion in the cassava-based 
diet of pigs was 5 % . Shimada et al. ( 1971) 
studied the effect of corn oil (0 vs. 3 % ) sup-
plementation to cassava-based diets (30 vs. 
60% cassava) in growing pigs. Supplementa-
tion of oil to cassava-based diet with or without 
methionine improved rate of gain and feed 
efficiency of pigs. Addition of corn oil was 
more effective in rate of gain and feed effi-
ciency of pigs given diets containing a higher 
percentage of cassava. Fat from the carcasses 
of pigs fed cassava-soybean diets had a lower 
iodine number than those fed maize-soybean 
diets. 
Using fat of animal origin, Maner (1974) 
reported that supplementation of 10% beef 
tallow to 55% cassava-meal diets of growing 
pigs with 0.1 % methionine gave faster and 
more efficient feed conversion than those given 
cassava-based diets containing 0.1 % methi-
onine and cassava-based diets containing 0.2% 
Table 4. Effect of levels of palm oil, stearin, lard, and tallow in 303 cassava-root based diets on 
the performance and carcass quality of growing and finishing pigs (Hutagalung and Chang 1977). 
Basal 
Palm oil Stearin Lard Tallow 
diet 5% 10% 53 103 53 103 53 10% 
Avg. daily gain (kg) 0.55 0.60 0.61 0.62 0.62 0.57 0.60 0.55 0.59 
Avg. daily feed (kg) 1.62 1.80 1.68 1.90 1.71 1.84 1.78 1.91 1.82 
Feed/gain 2.95 3.00 2.76 3.06 2.75 3.23 2.96 3.47 3.09 
Dressing (%) 79.77 79.84 78.20 79.48 80.31 80.93 78.25 81.19 77.95 
Carcass length (cm) 69.90 69.58 71.91 71.34 69.60 71.12 70.13 70.49 68.20 
Backfat (cm) 2.34 2.27 2.40 2.33 2.38 2.37 2.57 2.35 2.50 
L. dorsi area (cm2) 28.2 29.5 29.3 27.9 29.0 28.6 27.8 28.0 26.5 
Iodine number 58.1 59.3 61.0 59.0 60.8 57.6 52.7 53.6 54.3 
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methionine with no tallow added (daily gain: 
0.85 vs. 0.80, 0.82 kg; feed/ gain: 2.24 vs. 
2.35, 2.47). It is interesting to note that addi-
tion of 0.2% methionine to 10% tallow-
cassava-based diets did not improve gain or 
feed/ gain of pigs compared with a similar diet 
without added methionine (0.74 vs. 0.85 kg; 
feed/ gain 2.21 vs. 2.24). 
Studies on the effects of fat and sugar sup-
plementation in cassava-based diets showed 
that this combination was more effective in 
overcoming the growth depression. Montilla 
et al. (1975) supplemented 2% animal fat and 
9% molasses to diets containing either 30% 
bitter or sweet cassava meal. They found that 
addition of fat and molasses to the 30% 
cassava-based diet did not improve rate of 
gain and feed efficiency of chicks, except in 
the diets with low cassava content. Palm oil 
(5%) and glucose (2%) addition to diets 
containing 50% cassava and 0.2% methionine 
further improved the performance of pigs 
compared with those on cassava-methionine 
diets without palm oil (Hew and Hutagalung 
1972). Similar results were obtained with 
chicks by feeding 3.7% soybean oil and 4% 
molasses with the 50% cassava-based diet con-
taining methionine, but not with cassava-based 
diet without added methionine (Enriquez and 
Ross 1967). 
Ross and Enriquez (1969) reported that 
addition of both soybean oil and molasses 
to methionine-supplemented cassava leaf 
diet had no effect on gain and feed conver-
sion of chicks. Supplementation of sucrose 
alone to the cassava-leaf diet of rats in an 
attempt to improve feed intake was not suc-
cessful (Rogers and Milner 1963). On the 
other hand, molasses or palm oil added to the 
cassava-leaf diet improved rate of gain and 
feed efficiency of pigs. This improvement was 
accentuated by the addition of methionine 
(Lee and Hutagalung 1972; Hutagalung et al. 
1973, 1974). Oke (1966) reported that addi-
tion of glucose to unprocessed cassava root 
meal caused the HCN to disappear. 
Data on the carbohydrate composition and 
enzyme properties of cassava are rather lim_ited. 
Lira and Fernandez (1962) reported that cas-
sava flour has a high starch content that highly 
favours tryptic digestion. Johnson and Ray-
mond (1965) indicated that cassava flour is 
mainly a polyglucose carbohydrate containing 
20% amylose and 70% amylopectin. The 
amylolytic activity (amylase) of cassava root 
meal is about one-third of that in maize and 
about one-half of that in rice bran (Miiller et 
al. 1974, 1975a). However, no data were given 
to substantiate this amylase activity. The de-
tailed study of enzyme activity, and the carbo-
hydrate and fatty acid composition of cassava 
roots and leaves in the fresh and dry condi-
tion are worthy of consideration for accurate 
assessment of their nutritive value. 
Because cassava-based diets are low in fat, 
it has been suspected that essential fatty acids 
are limiting. Millier et al. (1975b) indicated 
that supplementation of essential fatty acids 
(by 2% peanut oil) to a 50% cassava-based 
diet did not affect rate of gain or feed efficiency 
(Table 5). Because fish meal, maize, and soy-
bean were added to the cassava-based diets, it 
is plausible that these diets contained sufficient 
essential fatty acids prior to the addition of 
peanut oil. 
Apart from being a principal source of 
energy, supplemented fats or oils also provide 
certain "additional dynamic actions" (ADNA), 
including increased growth, better palatability, 
essential fatty acids, better absorption or re-
tention of other nutrients, and a significantly 
improved dust control (N.R.A. 1974, Table 2). 
Improvements in rate of gain and feed effi-
ciency of animals fed palm oil added to a 
cassava-based diet could be due to an improve-
ment in palatability. Hutagalung ( 1972) postu-
lated possible interaction between essential 
fatty acids present in the palm oil and the 
methionine of the diet. Furthermore, the addi-
tion of palm oil to cassava-based diet enables 
the animals to utilize methionine efficiently 
and to facilitate absorption and retention of 
essential fatty acids. Sugars (molasses/sucrose/ 
glucose) in cassava-based diets probably re-
duce HCN levels by forming glyconohydrin, 
and as well improve palatability. 
Protein and Amino Acids 
Cassava root meal is low in crude protein 
and essential amino acids, with insignificant 
levels for methionine, cystine, and tryptophan 
(Table 1). Therefore, when it is used in large 
proportions, most of the protein in the diet 
must come from other protein sources. Simi-
larly, when the maize fraction of the diet is 
replaced by cassava meal, the level of the pro-
tein source should be adjusted to balance the 
difference in the level of protein between 
maize and cassava. When soybean meal is 
used as the main protein supplement, growth 
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Table 5. Effect of supplementation of essential fatty acids, niacin, lysine, and methionine in 
cassava-based diets on the performance of broiler chickens (Millier et al. 1975b). 
Maize diet 
Fish meal (%) 6.0 
Palm oil(%) 




Performance at JO weeks 
Live wt. (kg) 1.93 
Feed/gain 2.65 
Mortality (%) 11.0 
depression is more likely to occur than in the 
case of a protein supplement of animal origin, 
such as fish meal. This is because methionine 
is the first limiting amino acid in soybean pro-
tein (Kroening et al. 1965; Berry et al. 1966). 
Cassava leaves could become a potential 
source of protein for human and livestock 
(Rogers and Milner 1963; Terra 1964; Ross 
and Enriquez 1969; Eggum 1970; Lee and 
Hutagalung 1972; Adrian and Peyrot 1971; 
Hutagalung et al. 1973). Leaf-protein concen-
trate could be used as a protein supplement for 
monogastrics and the voluminous-fibrous resi-
due could be utilized as roughage for ruminant 
animals (Nestel 1974, 1975; Miiller et al. 
1975a). The protein content of cassava leaves 
is 17-40%, depending mainly on age and time 
of harvest, variety, soil condition, and proces-
sing methods (Rogers and Milner 1963; Eggum 
1970; Hutagalung et al. 1973) and their nutri-
tive value is somewhat similar or even superior 
to alfalfa leaf meal (Bangham 1950). The 
protein of cassava leaves is deficient in sulfur-
containing amino acids (methionine and 
cystine), marginal in tryptophan and iso-
Ieucine, but rich in lysine (Akinrele 1967; 
Hutagalung et al. 1973; Miiller et al. 1975a). 
Digestibility of the protein in cassava leaves 
was shown to be high, especially with young 
leaves (Van Veen 1938; Luyken et al. 1961). 
Young leaves had a true digestibility of 80% 
for the protein but this decreased to 67% in 
older leaves (Luyken et al 1961). Methionine 
addition to older leaves increased net protein 
utilization (NPU). Eggum ( 1970) reported 
that digestibility of leaf protein in rats was 
from 70 to 80%; whereas, its biological value 
was 44-57%, depending on the methionine 
content. He stated further that only about 60% 
Cassava-based diet (50% cassava meal) 
10 10 10 5 5 
2 
2 2 2 2 
20 20 20 
0.11 
0.05 
1.87 1.85 1.88 1.77 1.80 
2.78 2.81 2.76 2.88 2.78 
10.1 14.1 11.1 5.10 2.00 
of its methionine was available and that the 
true availability of the other amino acids was 
inconsistent. 
Hew and Hutagalung (1972) observed 
growth depression in pigs as the level of cas-
sava root in the diet increased. In their study, 
animal protein was kept constant, while vege-
table protein was increased with increasing 
level of cassava. On the other hand, when the 
level of animal protein (fish meal) was raised 
and the plant protein was held constant, the 
growth depression of pigs fed cassava-based 
diet was alleviated (Hew and Hutagalung 
1972, 1976) (Table 6). Reports elsewhere 
have also shown that supplementation of high 
quality protein feedstuffs to cassava-root based 
diet could overcome growth depression (Maner 
and Gomez 1973; Khajarern and Khajarern 
1976). Reduction of fish meal from 10 to 5% 
in the 50% cassava-based diets resulted in a 
significant reduction in growth rate and less 
efficient feed conversion of broiler chickens 
(Milller et al. 1975a). 
Phuah and Hutagalung (1974) studied the 
effects of varying protein increment (19-17; 
22-20; 25-23 % ) in combination with graded 
levels of cassava root meal (0, 20, 40%) on 
the performance and body composition of 
broiler chickens. Protein and cassava levels in 
the diet gave little or no improvement in rate 
of gain and feed efficiency. The nonsignificant 
response of chicks apparently was due to the 
fact that the diets were balanced in animal and 
plant proteins to supply the essential amino 
acids. However, increasing levels of dietary 
protein in the cassava-based diet resulted in 
increased carcass protein and decreased carcass 
fat (Table 7). 
Supplementation of groundnut flour, skim 
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Table 6. Effect of fish meal supplementation to diets containing 18% soybean meal and varying levels 
of cassava on performance and carcass measurements of pigs (Hew and Hutagalung 1976). 
Cassava(%) 
0 15 30 45 60 
Fish meal (%) 
9 11 13 15 18 
Avg. daily gain (kg) 0.62 0.58 0.58 0.60 0.63 
Avg. daily feed (kg) 2.10 2.02 2.07 1.98 2.11 
Feed/gain 3.40 3.45 3.60 3.32 3.38 
Days to slaughter 113 109 109 112 114 
Dressing(%) 78.33 79.18 80.40 79.85 78.63 
Shrink(%) 3.22 4.59 4.35 4.17 4.02 
Backfat (cm) 2.48 2.33 2.26 2.54 2.57 
L. dorsi area (cm2)• 32.28 33.50 36.59 31.93 32.83 
L. dorsi area (cm2)4 18.171 17.441 15.63 1•2 13.902 14.252 
1 .•Means in the same row bearing different superscripts differ significantly (p < 0.05). 
'L. dorsi area taken ·at 2nd lumbar position. 
4 L. dorsi area taken at 4th rib position. 
Table 7. Effects of dietary cassava (C) at levels of 0, 20, and 40% and protein on performance and 
body composition of broiler chickens (Hutagalung et al. 1973; Phuah and Hutagalung 1974). 
19-17% protein 
O%C 20%C 40%C 
Av. daily gain (g) 18.0 17.5 16.8 
Feed/gain 2.42 2.19 2.31 
Whole carcass 
Moisture (%) 65.3 68.3 67.8 
Fat (%)1,2 32.8 25.6 25.8 
Protein (%)1·2 52.1 57.4 57.5 
1Significant (p < 0.01) effect of cassava and protein. 
•Significant (p < 0.01) cassava X protein interaction. 
milk powder, or a mixture of the two to the 
cassava-based diets, to provide 15% extra 
protein, resulted in a significant increase in the 
growth rate of rats compared with those on 
cassava-maize diets (Tasker 1962). Barbosa 
et al. (1957) substituted wheat flour by a 
combination of cassava and peanut-oil meal in 
swine diets and found that rate of gain and 
feed efficiency were superior in the cassava-
peanut-oil-meal diet. 
Eggum (1970) compared the combination 
of dried fish (cod) and cassava leaves in rats 
and found a marked improvement in the bio-
logical value of leaf protein. 
Hew and Hutagalung (1976) stated that the 
choice of cassava root meal with a low cyano-
genic glucoside content and the use of high 
quality proteins to correct nutrient deficiencies, 
22-20% protein 25-23% protein 
O%C 20%C 40%C O%C 20%C 40%C 
18.6 12.6 16.1 18.l 17.6 16.7 
2.10 2.09 2.24 2.15 2.24 2.20 
68.7 69.6 70.4 69.2 69.8 68.4 
23.9 23.9 18.5 16.4 16.1 21.0 
59.4 60.7 61.0 64.3 67.1 63.2 
such as sulfur-containing amino acids and vita-
mins, make the replacement of grains by cas-
sava possible. The inclusion of a higher con-
centration of fish meal as animal protein rather 
than a combination of plant protein and syn-
thetic amino acids compared favourably in 
terms of rate of gain, feed efficiency, and the 
cost of feed per unit of gain (Table 6). The 
use of a higher quantity of fish meal may have 
improved the protein quality or the amino acid 
make up of the feed and hence supported bet-
ter growth. Also, fish meal is a rich source of 
vitamin B12 that may contribute to the detoxi-
fication process of HCN. In the case of a 
cassava-fish meal combination, methionine 
supplementation may not be required. How-
ever, where fish meal is limited and expensive, 
methionine supplementation of a combination 
24 CASSAVA AS ANIMAL FEED 
of cassava and plant protein would be more 
economical. 
Amino Acids 
The role of methionine addition to cassava-
based diets has been presented by Adegbola 
( 1977) . Therefore, this discussion is confined 
only to amino acids other than methionine. It 
has been generally agreed that supplementation 
of sulfur-containing amino acids in cassava-
based diets serves two functions. Besides satis-
fying the overall essential amino acid require-
ment of the animals, methionine in particular is 
actively involved in cyanide detoxification. 
Sulfur-containing amino acids contribute the 
sulfhydryl (-SH) groups that react with 
cyanide to form harmless thiocyanate. The 
sulfhydryl group is also supplied by 3-
mercaptopyruvic acid, which may arise from 
cystine by transamination or deamination 
(Meister 1953). 
Literature on supplementation of synthetic 
amino acids other than methionine to cassava-
based diets is rather limited, particularly for 
large animals. One would expect a scarcity of 
nutritional studies on these essential amino 
acids. Commercially, lysine, methionine, and 
occasionally cystine are the only amino acids 
available at reasonable cost. Other amino acids 
such as tryptophan and threonine are produced 
on a laboratory scale, and for large scale appli-
cation they are very costly. Hence, most of the 
work on amino acid supplementation to 
cassava-based diets has been done on small 
animals. 
Earlier work on amino acid supplementation 
in chickens (Enriquez and Ross 1967) indi-
cated that the adverse effects of a high cassava 
(50%) diet were overcome by supplementa-
tion with 0.15% methionine. Similarly, Olson 
et al. ( 1969b) obtained satisfactory results 
with supplementation of 0.2-0.8% methionine 
or 0.4-0.8% cystine in cassava (45%) diets. 
The role of cystine to replace methionine, 
ranging from 40-70% has been documented 
(Becker et al. 1955; Baker et al. 1969; Mitchell 
et al.1968). 
Work in Malaysia and Singapore has also 
demonstrated the ability of sulfur-containing 
amino acids to alleviate the depressing effects 
of high cassava rations given to pigs (Hutaga-
lung 1972; Hew and Hutagalung 1972; Miiller 
et al. 1972; Hutagalung et al. 1973) and poul-
try (Kassim and Jalaludin 1972; Leong and 
Jalaludin 1972; Oh and Jalaludin 1972; Chou 
and Miiller 1972; Hutagalung et al. 1974; Syed 
et al. 1975; Yeong and Syed 1976a,b). 
Olson et al. ( 1969a,b) studied the effects of 
leucine or methionine (or both) supplementa-
tion to rations containing 45 % cassava meal 
in chicks. Addition of 0.1 % methionine, but 
not 0.1 % leucine, to the cassava-based diets 
increased weight gain and feed efficiency. Sup-
plementation with both leucine and methionine 
resulted in significantly heavier birds and bet-
ter feed conversion compared with unsupple-
mented diets and those receiving only leucine. 
Incorporation of both lysine (0.11 % ) and 
methionine (0.05%) into 50% cassava-based 
diets containing 2 % peanut oil and 5 % fish 
meal markedly improved rate of gain and feed 
conversion of broiler chickens during the early 
period but not at 10 weeks of age (Miiller et al. 
1975b) (Table 5). It appears that the addition 
of lysine and methionine was necessary for the 
chicks to reach optimum growth; whereas, at 
10 weeks of age these higher levels were not 
required. 
Lysine and methionine supplementation to 
cassava-leaf based diets increased the protein 
efficiency of rats (Pechnik and Guimares 
1962) . Drying, prolonged cooking, and re-
drying of the leaves had no significant effect 
on the growth of rats even when supplemented 
with lysine, methionine, and threonine. In a 
subsequent experiment (Pechnik and Guimares 
1963) lysine, histidine, and methionine addi-
tion, singly or in combination, to sweet 
cassava-leaf based diets gave various growth 
responses in young rats. Methionine alone 
gave the best growth response; whereas, the 
addition of lysine and histidine resulted in de-
creased feed efficiency and body weight gain. 
No explanation was given for this growth de-
pression, but it could be due to an amino acid 
imbalance in the protein of the leaf. 
The effectiveness of adding amino acids, es-
pecially those belonging to the sulfur-contain-
ing group, to alleviate growth depression de-
pends primarily on the level and source of 
protein and energy in the cassava-based diets. 
However, one can question the safety of add-
ing synthetic amino acids to the diet. Eggum 
(1970) indicated the possibility of an adverse 
effect from an overdose of single amino acids. 
In an extensive review by Harper et al. ( 1970) , 
it was stated that excessive intake of individual 
amino acids, particularly in young animals 
fed a low protein diet, can result in adverse 
effects ranging from moderate growth and 
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food intake depression to clear-cut toxic re-
actions. Amino acid imbalance and more gen-
eral dietary disproportion, result in depressed 
food intake and growth. They further stated 
that methionine is the most toxic of the amino 
acids, and that in amounts exceeding 2% of 
the diet' it causes severe growth depression and 
histopathological changes. Excessive intake of 
lysine, arginine, leucine, isoleucine, and valine 
appears to be mutually antagonistic. This an-
tagonism appears to be due to the specific 
structure and metabolic relationships of the 
individual amino acids. The adverse effects are 
generally alleviated if the protein content of 
the diet is increased or the nutritional quality 
of the protein is improved. Therefore, when 
supplementation of synthetic amino acids to 
cassava-based diets is required the amino acid 
balance and the protein and energy contents of 
the diet should be carefully considered. 
Nonprotein Nitrogen 
It is known that nonprotein nitrogen 
(NPN), mainly urea, in ruminant animals can 
satisfactorily replace up to 25 % of the total 
dietary protein (Reid 1953). However, there is 
evidence that the growth of animals on such 
diets is slightly depressed in comparison with 
those on conventional protein. Addition of 
urea beyond 1 % of the ration often reduces 
palatability, but this can be counteracted by 
molasses. With the shortage of conventional 
protein, grains, or forage concentrates, the use 
of urea with either cassava or molasses, or 
both, as protein and energy sources, has been 
frequently practiced, more so in ruminants 
than in monogastric animals. 
Little work has been done on the use of 
cassava products, particularly leaves, as rumi-
nant feeds. This is probably due to the diffi-
culty of obtaining sufficient quantity of cassava 
materials for feeding experiments, notably for 
beef and dairy cattle. Chicca et al. (1971) and 
Schultz et al. (1970a,b) undertook extensive 
studies on the effect of feeding a combination 
of cassava and urea to cattle and sheep. Chicca 
et al. (1971) evaluated the effect of urea 
( 1 % ) and molasses ( 5 % ) added to the 
cassava-based diet on the digestibility and 
rumen constituents of sheep. Significant im-
provement with the urea-molasses-cassava 
combination was observed for bacterial pro-
tein, blood urea, propionic acid, butyric acid, 
and for the digestibility of organic matter and 
cellulose. Schultz et al. (1970a) compared the 
effects of adding urea to either uncooked or 
cooked cassava with vegetable protein in 
cattle. Addition of urea to cooked cassava 
improved the quantity of microbial N 
and total volatile fatty acid (VFA) concen-
tration, but not ruminal cellulose digestion, 
compared with uncooked cassava. In their fol-
lowing experiment (Schultz et al. 1970b), 
urea-cassava-molasses diets were compared 
with a vegetable protein control diet in young 
cattle. Rumen microbial protein content of the 
control diet was higher than that of the cassava-
urea and molasses-urea combination; whereas, 
VF A concentrations in the rumen samples 
from rations containing urea were equal to or 
greater than the control diet. No apparent dif-
ferences were noted for cellulose digestibility 
in the rumen. Somewhat similar studies on 
urea-cassava utilization in cattle were reported 
by Kay et al. (1972) and Karue et al. (1973). 
Karue et al. (1973) fed poor quality hay sup-
plemented with concentrates containing cas-
sava, molasses, and urea to Zebu steers. They 
found that an increase in caloric intake from 
the cassava concentrates resulted in reduction 
of metabolic body weight of the steers. Mi.iller 
et al. (l 975a) indicated that feeding cattle, 
either in a feedlot or on pasture, a concentrate 
diet containing 85% cassava root meal, 6% 
molasses, 8 % urea, and 1 % mineral supple-
ment compared favourably with tropical 
grasses for optimum performance. However, 
no data were given in recommending such a 
combination, especially when the urea used 
was higher than is normally recommended. 
Substitution of corn by 1.5% urea in a 
chopped sugarcane foliage-cassava diet pro-
duced similar weight gains of 8-month-old 
heifers (Pineda and Rubio 1972). Total or 
partial substitution of cotton seed meal by urea 
in the diet, when cassava was used as a supple-
ment, produced similar weight gains. A marked 
increase in weight gains was obtained when 
cassava was used as a supplement in a molasses-
urea mixture (Neves 1969). 
There have been some attempts to use the 
wastes from the poultry industry as nitrogen 
sources for livestock. Ng and Hutagalung 
(1974) studied the effects of poultry excreta 
(5, 10, 15% ). in combination with two levels 
of cassava (15. 30%) diet containing either 
low (17-19%) or high (20-22%) protein 
levels in broiler chicks. Supplementation of 
15% poultry excreta to a 30% cassava-based 
diet produced no adverse effects on perform-
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ance. Millier et al. (1975a) indicated that the 
addition of poultry excreta to cassava-based 
diets produced responses in broiler chickens 
similar to those from maize-soybean diets. With 
recycling technology, they have successfully 
and economically fattened steers in Singapore 
on a ration composed of 60% cassava meal 
and 38% poultry litter. 
One should take into consideration when 
using animal wastes, that they are very variable. 
Their major disadvantage seems to be a re-
duction in palatability, but there is also the 
problem that drugs previously administered to 
the poultry might prove toxic to animals fed 
poultry wastes. 
Minerals 
Most of the work reported earlier on 
mineral-cassava relationships in domestic and 
laboratory animals has been concerned with 
mineral deficiency, particularly iodine (Ekpe-
chi et al. 1966) and zinc (Maust et al. 1969, 
1972) , rather than their effect on economic 
criteria such as ·growth rate and feed con-
version. 
Recent investigations, however, have been 
directed to the effects of mineral-cassava com-
binations on mineral metabolism and the per-
formance of animals (Ermans et al. 1973; 
Maner and Gomez 1973; Phuah 1973/74; 
Hutagalung and Tan 1976; Phuah and Hutaga-
lung 1977). In view of the fact that minerals 
are relatively inexpensive resources and repre-
sent only a small part of the diet, there has 
been little incentive to carry out extensive 
studies on the effect of mineral supplementa-
tion of cassava-based diets on performance, es-
pecially for large animals. Moreover, inter-
actions of minerals with each other, especially 
of the trace elements, present problems of in-
terpretation. 
Calcium (Ca) and Phosphorus (P) 
The calcium and phosphorus contents of cas-
sava roots used in Malaysia (Table 1) are 
relatively high (Ca 0.35%; P 0.40%) (Huta-
galung et al. 1973); whereas, reports from 
Africa (Oke 1966) show lower values (Ca 
0.13%; P 0.15% ). However, contents of other 
minerals are low, principally copper, iron, and 
zinc (Raymond et al. 1941; Oke 1966; Maust 
et al. 1972; Hutagalung et al. 1973). Particular 
attention should be given to the oxalic content 
of the cassava root, which is reported to range 
from 0.1 to 0.32% (Raymond et ?I. 1941; Oke 
1966), because this affects the absorption of 
minerals. Variations in the mineral content of 
cassava root meal could be due to variations 
in total ash content, which are affected by the 
rate of contamination by soil and foreign ma-
terials during harvesting and drying. 
Zinc(Zn) 
Hutagalung (1972) demonstrated that pigs 
fed diets containing a high level of cassava root 
( 60-75 % ) developed distinctive disorders 
such as diarrhea, skin lesions on the mucosa 
of the mouth, stomach, and hind quarters, 
localized swelling and hind leg weakness, and 
watery meat. Some of these conditions were 
also observed in chickens (Phuah 1973/74). 
Low copper (Cu) and Zn contents of the tis-
sues of chicks fed cassava root diets tend to 
indicate that cassava could upset the balance 
and availability of minerals (Hutagalung et al. 
1973). 
Utilization of a large quantity of cassava 
meal in· livestock has resulted in poor gains 
and parakeratosis, but this condition is cor-
rected by adding extra Zn to the diet (Maust 
et al. 1969, 1972; Hutagalung et al. 1973; 
Phuah 1973/74). An explanation for the Zn-
cassava relationship is not apparent, especially 
when the Zn level in the diets was calculated 
to meet the recommended requirement (NRC 
1973). Generally, the incorporation of a large 
quantity of cassava into the diets necessitated 
the addition of a greater amount of protein, 
such as soybean meal, to satisfy protein re-
quirements. When additional soybean is used 
the phytic acid level in the diet is proportion-
ally raised, resulting in reduced absorbability 
of Zn from the intestine because more Zn is 
involved in the formation of insoluble Zn-
phytate (Savage et al. 1964; Edwards 1966; 
Hutagalung et al. 1977). The relatively large 
quantity of calcium (Ca) in cassava and fish 
meal, and the presence of oxalic acid in the 
cassava root, might also reduce the availability 
of Zn. The presence of Ca in excess was re-
ported to aggravate Zn depletion in the intes-
tine by raising the intestinal pH (Oberleas et 
al. 1966), and the addition of Zn to the diet 
might replenish Zn bound to the insoluble Ca-
Zn-phytate complex (Savage et al. 1964; 
Edwards 1966). Hutagalung et al. (1973) 
stated that an improvement from Zn addition 
could be attributable to Zn participation in 
carbohydrate metabolism in that Zn increased 
the glucose uptake by adipose tissues. 
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Iodine (I) 
In the presence of marginal I and low pro-
tein intake, high levels of cassava in the diet 
may be a key factor in the development of 
goitre and cretinism (Ekpechi 1973; Ermans 
et al. 1973) and possibly the cause of reduced 
availability of zinc (Maust et al. 1972). Apart 
from Zn deficiency, animals fed diets contain-
ing a high concentration of cassava have been 
suspected to suffer I deficiency (Ekpechi 1973; 
Hutagalung et al. 1973; Maner and Gomez 
1973). Supplementation of I can reduce the 
deleterious effect of cyanide toxicity, which is 
manifested as subnormal thyroid function or 
goitre (Ekpechi et al. 1966) and ataxic neuro-
pathy ( Osuntokun 1973). The goitrogenic ac-
tion of cassava is well documented by Ermans 
et al. (1973). They stated that the main effect 
of prolonged consumption of cassava is a 
marked depletion of the thyroidal I stores, 
which appears to be severe in the absence of 
I supplementation. Consequently, animals fed 
diets containing a large proportion of cassava 
require a c@nstant supply of I to maintain the 
thyroid function. 
In contradiction to findings in rats (Maner 
and Gomez 1973; Ekpechi 1973), studies in 
Malaysia have shown that rate of gain and feed 
efficiency of broiler chicks were not signifi-
cantly affected by an I level up to 50 mg/kg 
(Hutagalung et al. 1973; Phuah 1973174). 
Similarly in pigs it was observed (Hutagalung 
and Tan 1976) that addition of I up to 100 
mg/kg to cassava-based diets had no apparent 
effect on growth and feed efficiency, but addi-
tion of 500-1000 mg/kg I depressed growth 
and feed intake of pigs. rats, and poultry. No 
significant differences in the carcass composi-
tion of pigs resulted from supplementing I in 
cassava based diets. Iodine (1131 ) uptake ·by 
the thyroid gland decreased with a higher in-
crement of I, particularly at the 50 and 100 
mg/kg supplementation levels. The nonsignifi-
cant effect of I supplementation could be at-
tributed to the low HCN content of the cassava-
based diets. Ekpechi et al. ( 1966) reported an 
increased uptake of pa1 by the thyroid after 
cassava (50-100%) or I-deficient diets were 
fed to rats; uptake was normal after I addition. 
They suggested that the cassava diet was not 
only I-deficient but also contained a goitrogen. 
Iodine uptake is energy dependent and is in-
hibited by cyanide. In their investigation, 
Maner and Gomez (1973) suggested that be-
cause cyanide detoxification requires labile sul-
fur methionine could serve as a source of 
sulfur. The detoxification produces thiocyanate, 
which exerts a goitrogenic effect on the body 
re.suiting in thyroid hypertrophy, especially in 
the absence of adequate dietary I ( Sihombing 
et al. 1974; Cromwell et al. 1975). The extent 
of supplementation also deserves particular at-
tention because excessive intake of I can cause 
further problems, including cessation of egg 
production, delayed sexual maturity, altered 
reflexes, and diarrhea (Arrington et al. 1967; 
Wilson et al. 1967; Wilson and Harms 1972; 
Wilson and Rowland 1970; Phuah 1973174). 
Iron (Fe) 
Iron supplementation in cassava-based diets 
should be undertaken only when there is a de-
ficiency. This is because excessive Fe in the 
diet can cause nutritional disturbance of P- by 
forming insoluble phosphate, which results in 
reduced P absorption (Harmon et al. 1968; 
Standish et al. 1969). 
Cobalt(Co) 
Cobalt is required for the biosynthesis of 
vitamin B12 ; therefore, in a cassava-based diet, 
Co indirectly plays a part in the cyanide de-
toxification. The simple salts of Co readily 
combine with cyanides to form a stable, harm-
less ion, cobalt cyanide Co(CN) 6 (Knowles 
and Bain 1968). 
Selenium (Se) 
Selenium functions to ensure efficient utili-
zation of vitamin E or to serve as a nonspecific 
antioxidant (Oldfield et al. 1963). However, 
because of its low requirement and its toxicity 
when used improperly, Se should be used as a 
feed additive only under careful supervision. 
Other Minerals 
Other trace minerals likely to be important 
in the formulation of cassava-based diets are 
copper (Cu), magnesium (Mg), and manga-
nese (Mn). Under normal conditions, all these 
trace minerals are easily provided by supple-
menting the diets with the proper proportion 
of premixed trace minerals. In cases of de-
ficiency of one or more elements, particular 
attention should be directed to the antagonistic 
effect of elements supplemented together. Zinc, 
particularly when added as an inorganic salt to 
cassava-based diets, in an attempt to alleviate 
parakeratosis symptoms, can depress Cu ab-
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sorption and retention. This antagonism is 
most prominent when Cu is limiting, leading 
to acute Cu deficiency (Van Campen 1966; 
Phuah 1973174). Starcher (1969) attributed 
the depressing effect of Zn on Cu absorption to 
competition for an active site in the duodenal 
mucosa protein, which serves to transport these 
elements during absorption. 
VitaminS 
Besides being deficient in protein, fat, and 
trace minerals, cassava roots are also low in 
vitamins. Vitamin A content is only a trace, 
thiamine 0.6 mg/kg, riboflavin 0.3 mg/kg, and 
niacin 0.6 mg/kg. De Brochard et al. (1957) 
reported the vitamin content of cassava root 
meal to be: vitamin A 550 IU/kg; vitamin D 3 
O.Ql IU/kg; thiamine 1.6 mg/kg; and ribo-
flavin 0.8 mg/kg. In fresh roots, vitamin values 
given by different workers are variable; thia-
mine levels were found to be 0.4-0.6 mg/kg 
(Jones 19 59; Chad ha 1961 ; M tiller et al. 
1972), but riboflavin values were 0.75 mg/kg 
(Miiller et al. 1972) or lower 0.3 mg/kg 
(Chadha 1961; Jones 1959). Ascorbic acid in 
fresh roots ranges from 5 to 360 mg/kg (Ray-
mond et al. 1941; Chadha 1961; Miiller et al. 
1972), but this is destroyed during the drying 
process. 
Fresh cassava leaves contain high levels of 
ascorbic acid (0.4-1.8 g/kg), appreciable 
amounts of the B-vitamins and carotene, but 
very low levels of vitamin E (Raymond et al. 
1941; Oke 1966). 
The vitamin values of the cassava root are 
nutritionally insignificant compared with those 
of maize. Therefore, to substitute maize with 
cassava meal in the formulation of the diet, 
vitamin values must be adjusted to meet the 
requirements. Vitamin A is particularly critical 
because yellow maize in a normal diet con-
tributes adequate amounts of vitamin A in its 
precursor form (carotene and cryptoxanthine). 
The vitamin A content of cassava root meal 
is particularly low and this vitamin is readily 
destroyed by exposure to air and light, es-
pecially during the drying process when it is 
exposed to high temperatures. 
Of the B-vitamins, niacin (nicotinic acid) 
and vitamin B12 ( cyanocobalamin) deserve 
particular attention. Niacin in cereal grains and 
their by-products is unavailable to monogastric 
animals as it is present in a bound form 
(Scott et al. 1969). The presence of a sufficient 
quantity of tryptophan in the diet can reduce 
the need for niacin, due to the ability of ani-
mals to synthesize niacin from tryptophan. Be-
cause tryptophan and other essential amino 
acids are deficient in cassava root meal, supple-
mentation of niacin in the cassava-based diets 
is inevitable. However, the addition of 20 mg/ 
kg niacin to 50% cassava-based diets has no 
apparent effect on the rate of gain and feed 
efficiency (Miiller et al. 1975b). The fish meal 
content of the diet ranged from 5 to 10%; 
therefore, it is possible that the tryptophan con-
tent of the diet was sufficient to meet the tryp-
tophan and niacin requirements (Table 5). 
Because biotin synthesis depends on the 
availability of sulfur and sulfur-containing 
amino acids, biotin deficiency is likely to occur 
in cassava-based diets low in methionine. Biotin 
addition (0, 50, 100 µ,g/kg) to either 65% 
broken rice-35% cassava diet or 57% cassava-
based diet' did not exert any improvement in 
the performance of chicks (Miiller et al. 
1975b). On the other hand, when biotin was 
supplemented to either 68% cassava-16% pro-
tein diet or 55% cassava-22% protein diet, it 
markedly improved body weight and feed effi-
ciency of broilers, particularly with the low 
protein (16% )-55% cassava diet (Table 8). 
Unfortunately, these investigations did not 
state the composition of the diets, i.e. the type 
of ingredients used, level or source of protein 
and energy, kind of vitamins and minerals 
supplemented, which could have influenced the 
utilization of biotin. 
Data on supplementation of other B-vitamins 
to cassava-based diets are very limited. Low 
plasma levels of riboflavin were reported in 
patients subsisting mainly on a cassava diet 
( Osuntokun 1972, 1973). Vogt and Penner 
( 1963) reported that supplementation of an 
admixture of niacin, calcium pantothenate, 
and choline chloride to a 20-30% cassava-
based diet did not improve gain or feed con-
version of broiler chicks. Carvalho et al. 
( 1969) observed an incidence of perosis in 
broiler chicks when a large proportion of 
wheat bran was substituted by cassava meal in 
the diet. This deficiency symptom was cor-
rected by choline supplementation to the diet. 
Vitamin B12 has been reported to be an im-
portant detoxifying agent in cyanide toxicity 
(Smith 1961 ). It was shown that mice exhibit-
ing complete respiratory arrest and coma due 
to cyanide poisoning recovered rapidly after 
an injection of vitamin B12 (Mushett et al. 
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Table 8. Effect of biotin supplementation to low and high protein (P) 
cassava diets for broilers (M illler et al. 197 5b ). 
Added Body wt. (kg) Feed/gain 
Periods biotin 
(weeks) (µg/kg) 16%P 
4th 0 0.44 
50 0.48 
100 0.50 
6th 0 0.70 
50 0.64 
100 0.78 
1952). The antidotal action of B12 results from 
the immobilization of the cyanide ion as harm-
less cyanocobalamin (B12 ) (Smith et al. 1963). 
Likewise, cyanide poisoning has been shown to 
be aggravated by vitamin B12 deficiency 
(Wokes and Pickard 1955; Oke 1973). 
The biological significance of the inter-
relationship between vitamin B12 , cyanide, and 
thiocyanate is not yet fully understood. It is 
believed that cyanide participates in normal 
metabolic processes (Boxer and Rickards 
19 52), and it is known to combine with various 
forms of B12 to form cyanocobalamin (Mont-
gomery 1969). Chronic administration of 
cyanide to animals depletes liver B12 (Braek-
kan et al. 1957). An increase in urinary excre-
tion of thiocyanate in vitamin B12-deficient 
people can be counteracted by administration 
of large doses of the vitamin (Wokes et al. 
1955). 
Two hypotheses have been advanced to ex-
plain the role of vitamin B12. Firstly, the cy-
anide utilization hypothesis assumes that rho-
danese and hydroxocobalamin compete for 
cyanide, some of which converts hydroxoco-
balamin to its cyano-form, the latter splitting 
again thus regenerating hydroxocobalamin 
while the cyanide carbon enters one-carbon 
metabolism to be directly oxidized to carbon 
dioxide (Boxer and Rickards 1952). The weak-
ness in this hypothesis is that it cannot account 
for the quantitative aspect of the observed 
facts. Secondly, the sulfur transfer hypothesis, 
based on the abundance of thiocyanate relative 
to cyanide in body tissues. In the presence of 
the large excess of thiocyanate, hydroxocobala-
min may take up thiocyanate to form thio-
cyanacobalamin, which reverts to cyanocobala-
min, liberating sulfur to an active intermediate 
X to form SX. The cyanocobalamin then com-
pletes the cycle by regenerating hydroxyco-
22%P 16%P 22%P 
0.60 2.18 1.64 
0.62 2.01 1.63 
0.60 1.89 1.67 
0.87 2.53 2.18 
0.96 2.33 2.04 
0.91 2.29 2.12 
balamin, while the cyanide thus liberated is 
converted to thiocyanate by rhodanese (Oke 
1973; Oh 1976). 
Another problem with feeding large quan-
tities of cassava meal to animals, particularly 
cassava chips, is the production of pale, soft, 
and exudative (PSE) meat. Addition of vita-
min E in the form of DL-a:-tocopheryl acetate 
above the recommended requirement can im-
prove the meat quality (personal communica-
tion with researchers, feed manufacturers, 
farmers and butchers in Malaysia). The role of 
vitamin E in the prevention of muscular dys-
trophy is well documented, but its function in 
myoglobin synthesis is unknown. Meat colour is 
determined by the myoglobin content of the 
meat. There may be some factors in cassava 
meal that affect the absorption or metabolism 
of vitamin E in animals; however, little work 
has been done along this line. Investigation of 
the vitamin E-cassava relationship, when cas-
sava is to be utilized as the main source of 
energy in the animal industry, is worthy of 
consideration. 
Nonnutritive Feed Additives 
Nonnutritive feed additives are included in 
feeds to ensure that the dietary nutrients are 
ingested, digested, protected from destruction, 
absorbed, and transported to the body cells, 
and frequently to alter the metabolism of the 
animals in an attempt to produce better growth 
or more desirable finished products. These in-
clude pigments ( carotenoid sources), anti-
biotics and antifungals, flavouring agents, anti-
oxidants, enzymes, hormones, pellet binders, 
coccidiostats and worming drugs, and tran-
quilizing agents. 
Very little information is available on the 
effects of adding nonnutritive feed additives 
to cassava-based diets for livestock. 
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Pigments 
Poultry farmers and feed manufacturers 
have been concerned that if their broilers and 
pullets were fed cassava-meal based diets, con-
sumers would be reluctant to purchase them, 
because they would appear to lack in vigour or 
might produce pale skins, shanks, beaks, and 
egg yolks. They have usually added grass or 
legume (alfalfa) meals to com-based diets to 
provide pigments (xanthophylls) for the skin 
and the egg yolks. 
Two synthetic carotenoids have been tested 
widely as supplements for broiler and egg yolk 
pigmentation (Scott et al. 1969; Guenther et 
al. 1973; Hinton et al. 1974). These are mar-
keted under various names, but essentially they 
are cantaxanthin and the ethylester of {3-apo-
8' carotenoic acid (BACE). Cantaxanthin, a 
red pigment, when added at 2-10 g/tonne of 
feed, supplements the natural xanthophylls for 
broilers; whereas, BACE at 2-8 g/tonne of 
feed, supplements the natural pigments of the 
laying mash to produce egg yolks of good col-
our. It would therefore be beneficial for a 
poultry farmer to know what effects xantho-
phyll supplementation to a cassava-based diet 
would have on subsequent yolk colour, and 
how much of the pigments are deposited in 
the fat and skin of broilers. 
The effect of feeding cassava-based diets on 
the pigmentation of the skin, shanks, and fat 
of broilers (Yeong and Syed 1976a) and egg 
yolks (Hutagalung 1972; Syed et al. 1975; 
Yeong and Syed 1976b) has been demon-
sfrated. The lack of pigmentation is attributed 
to the replacement of yellow maize (rich in 
xanthophyll) with cassava root meal. However, 
the defect in cassava rations can easily be cor-
rected by the addition of synthetic carotenoids 
(Hutagalung et al. 1973; Syed et al. 1975; 
Yeong and Syed 1976a,b), or even by cassava 
leaves (Hutagalung and Chang 1977a). Agudu 
(1972) compared cassava and Madras thorn 
(Pithecellobium dulce) leaf meals, a synthetic 
xanthophyll material, and two sources of yel-
low corn as sources of egg yolk pigments in 
pullets. Xanthophyll assays showed that cas-
sava leaf meal had a higher total and pig-
menting xanthophyll content than Madras 
thorn leaf meal. Increased leaf meal in the diets 
resulted in increased yolk score, which was not 
proportional to the level of leaf meal in the 
diets. The commercial xanthophyll material 
had an unusually low xanthophyll content and 
consequently had no significant effect on yolk 
colour when supplemented at twice the recom-
mended level to a white or yellow corn diet. 
In pigs and other livestock, colour pigment 
is not normally included in the formulation of 
rations. However, many consumers feel that 
white fat on pork and beef has more eye appeal 
than a yellow fat; therefore, the addition of 
pigments in this case would be uneconomical. 
The colour of the feed containing large 
amounts of cassava is poor and less attractive, 
more so to the farmers than to the animals; 
in this case, some nonpoisonous colour agent 
or dye could be introduced. 
Antibiotics and Fungicides 
Cassava root meal has been implicated in 
problems of aflatoxicity, because it appears to 
be an excellent growth medium for aspergilli, 
especially Aspergillus fiavus. Samples of cas-
sava flour I starch/ meal in Thailand, Hongkong, 
Brazil, India, and Uganda (Boshell 1968; 
Shank et al. 1972; Natarajan et al. 1973; 
Serck-Hanssen 1970) have been shown to con-
tain mycotoxins ( aflatoxins). Prolonged stor-
age of high moisture cassava, the amount of 
free sugars available, and contamination with 
soil appear to induce the growth of A. fiavus; 
whereas, in cassava with a low moisture con-
tent, the presence of aflatoxins is practically 
insignificant. 
Schmidt (1966) analyzed 50 cassava food 
products of different origin and found a high 
level of bacteria and fungi, including A. ffovus, 
A. fumigatus, A. chevalieri, A. terreus, and. 
Penicillium rubrum which cause mycoses. He 
indicated that the chips were highly contami-
nated by soil containing these microorganisms. 
In experiments with mouldy corn, Hew 
(1975) demonstrated that the presence of afla-
toxin in the cassava and maize caused growth 
depression and less efficient feed conversion of 
pigs and rats. Oral administration of anti-
biotics and fungicids did not alleviate the ad-
verse effect upon the chickens of the myco-
toxin present in the feedstuffs. Hew (1975) 
added antibiotic two-fold higher than recom-
mended to a cassava based pig diet suspected 
to be contaminated by aflatoxin. A slight im-
provement in the performance of the pigs was 
observed. 
Although feeding diets based on high levels 
of cassavll have been reported to cause diar-
rhea, there is no report to indicate the re-
quirement of an antibacterial feed additive as a 
corrective measure. Also, there have been no 
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reports to demonstrate whether this condition 
can be corrected by drugs. In West Germany, 
cassava meal has been removed from turkey 
rations because it caused profuse watery diar-
rhea and was disastrous to the turkey industry 
(Fraser 1973). Because such a drastic measure 
has been taken, one can assume that the dele-
terious effect of cassava meal on turkeys could 
not be corrected by pharmaceutical means. 
With other livestock like pigs and chicken, the 
diarrhea did not appear to be very serious, 
probably due to their genetic potential to cope 
with cassava, which is evidently incompatible 
with the intestine of the turkey (Zausch et al. 
1968). 
Of the bacteria and fungi, A. fumigatus is 
the most pathogenic fungus and is the mould 
most frequently encountered in aspergillosis in 
chickens. The occurrence of bacteria and fungi 
would probably justify the addition of anti-
biotics and fungicids to cassava-root based diet. 
Flavouring Agents 
The ability of pigs and chickens to differen-
tiate by showing preference for sucrose solu-
tion and rejection of saccharine solution has 
been demonstrated (Jacobs and Scott 1957). 
Kare (1965) also showed that chickens pos-
sess a sense of taste but a very limited ability 
to smell. However, experiments on supplemen-
tation of flavouring agent in a well-balanced 
diet did not appear to produce any significant 
increase in feed consumption (Kare 1965). 
Phuah et al. (1974) studied the effects of 
supplementing flavouring agents to cassava-
based diets of broiler chickens. Addition of 
either an artificial flavouring agent or molasses 
did not improve the rate of growth or feed con-
version of the broilers. 
Whether chickens avoid certain feedstuffs 
on the basis of taste, lack of eye appeal, or 
because of adverse effects upon metabolism or 
"sense of well being" is unknown. 
In pigs, the supplementation of normal 
rations with a flavouring agent (e.g. pig nec-
tar) has been practiced by most feed manu-
facturers. especially in their starter and grower 
rations. In the case of cassava-based diets, the 
inclusion of a sweetener like glucose and mo-
lasses has been shown to increase appetite 
(Hew and Hutagalung 1972; Hutagalung et al. 
1973) but without necessary improvement in 
growth and feed efficiency. As mentioned 
earlier, glucose and the glucose portion of mo-
lasses may play an active part in reducing the 
HCN content of the cassava by formation of 
glyconohydrin in addition to increasing the 
palatability of the cassava-based diet (Hew and 
Hut_agalung 1972). 
Enrichment of Cassava by Microbial 
Fermentation 
The concept of fermenting cassava for 
human consumption is not a recent innovation. 
For many decades, various forms of fermented 
cassava such as peuyeum and gari have consti-
tuted a part of the staple diet of the people in 
Asia and Africa (Hesseltine 1965; Gray 1970; 
Pederson 1971). However, the idea of employ-
ing microorganisms to convert cassava into 
microbial protein on a large scale has been 
investigated only rather extensively in the last 
two decades. 
The cassava project entitled Microbiological 
Enrichment initiated at the University of 
Malaya in 1973, sponsored by IDRC, has suc-
cessfully produced a fermented cassava con-
taining 10% true or digestible protein. Nutri-
tional and safety evaluation trials on poultry 
and pigs have been undertaken and the pre-
liminary results have been encouraging (Huta-
galung and Tan 1977; Varghese et al. 1977). 
A similar cassava-enrichment project at the 
University of Guelph, also sponsored by IDRC 
since 1972, has revealed a process for pro-
ducing microbial protein from cassava in a 
high-temperature low pH fermentation. High 
protein value biomass (36.9% protein) was 
obtained and the nutritive value of the product 
has been evaluated in rats (Reade and Gregory 
1975; Gregory et al. 1976; Khor et al. 1976) 
and is being assessed in pigs. It is hoped that 
from these two cassava-enrichment projects, a 
product high in protein, in terms of quantity 
and quality, and nutritionally safe will be avail-
able on a larger scale to cope with the protein 
shortage for animal feeds. 
Conclusions 
The following conclusions can be drawn on 
the role of feed additives in cassava-based diets: 
( 1 ) Supplementation with feed additives. is 
necessary to nutritionally balance the cassava-
based diet and to improve its feeding value. 
These may include: (a) incorporation of fats 
or oils to improve palatability and to overcome 
the powdery characteristic, loose texture, and 
voluminous nature of cassava products and to 
facilitate nutrient absorption and retention in 
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the digestive tract; ( b) supplementation with 
good quality protein feedstuffs or synthetic 
amino acids to balance protein and amino 
acids; ( c) supplementation of non protein nitro-
gen to cassava-based diets, which appears more 
promising for ruminants than for non-
ruminants; (d) taking care to maintain the 
mineral balance of cassava-based diets, es-
pecially excesses of calcium, phosphorus, and 
oxalic acid, which can reduce the availability 
of zinc, copper, and iodine; (e) adjustments 
for certain vitamins (vitamin B12, niacin, ribo-
flavin, and biotin) that appear to be relevant 
in the cassava-based diet; (/) enrichment of 
cassava-based diets with natural or synthetic 
xanthophylls as required for pigmentation of 
skin, shanks, fats, and egg yolks of broilers 
and layers; (g) addition of antibiotics, fungi-
cids, and antioxidants to cassava-based diets, 
which appears necessary to prevent contami-
nation by microorganisms, rancidity, and de-
terioration of nutrients; (h) paying particular 
attention to standard specifications of cassava 
products, particularly their moisture, ash, and 
crude fibre contents, as these factors markedly 
reduce the nutritive value of cassava; (i) re-
placement of conventional feedstuffs (cereals) 
by cassava, which is economically feasible 
when the cost of the fortified cassava-based 
diet is lower than that of the conventional diet. 
(2) Enrichment through microbial fermen-
tation to increase the protein value of cassava 
has shown promising results, but the safety and 
economics of the microbially enriched cassava 
products should be of primary consideration 
prior to its use as animal feed. 
Suggestions for Further Studies 
The following points appear worthy of con-
sideration: 
( 1 ) There seem to be great inconsistencies 
in the data on chemical composition of cassava 
products, particularly the "true protein" (non-
extractable nitrogen) content, apart from the 
amino acid composition. Hence, there is a need 
to develop a simple and rapid procedure for 
the determination in the cassava products of 
the protein that is biologically available to 
animals, applicable for simple laboratory facili-
ties in the developing countries. Consequently, 
a compilation of the data on chemical con-
stituents of various cassava products should 
be undertaken. 
(2) Apart from the cyanogenic glucosides 
of cassava, the possibility of enzyme-inhibiting 
factors in cassava should be investigated. 
(3) Although in the previous workshop on 
chronic cassava toxicity (Zitnak 1973) the 
urgent need to develop simplified and repro-
ducible analytical procedures for hydrocyanic 
acid ( cyanogenic glucosides) has been stressed, 
such procedures are not yet available. These 
are of paramount importance so that investi-
gators (nutritionists) can rapidly and accu-
rately determine the cyanogenic glucosides 
content of cassava products prior to their use 
as animal feeds. 
( 4) The long-term effect of continuous 
feeding of cassava products on the whole life 
cycle of animals should be studied in depth. 
(5) A study of the combined effects of cas-
sava leaves and roots with various supple-
mented feed additives, to obtain their optimum 
combination in the diet as sources of protein 
and energy, should be initiated. 
( 6) Based on the suggestive evidence that 
ruminants have a greater tolerance to hydro-
cyanic acid than nonruminants, it appears 
necessary to undertake a basic study on the 
effect of feeding cassava products containing 
high concentrations of HCN on the metabo-
lism of cyanide~ in the rumen and to com-
pare the detoxifying ability of the ruminants 
with that of nonruminants. 
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Physiological and Biochemical Responses of Rats 
Given Potassium Cyanide or Linamarin 
D.C.HilP 
Young rats fed, ad libitum, a diet containing 2400 ppm KCN showed no obvious 
signs of distress other than a decrease in weight gain. Similarly, rats fed for 12 weeks a diet 
deficient in vitamin B12 and methionine, and containing 1500 ppm KCN, appeared 
healthy, although weight gains were reduced by the deficiencies of B12 and methionine 
and by the addition of KCN. No evidence was found that the feeding of the KCN resulted 
in lesions in the central nervous system, spinal cord, or other tissues. 
Linamarin administered by stomach tube in the absence of linamarase was partially 
metabolized to yield thiocyanate and a portion was absorbed intact from the gastro-
intestinal tract and excreted as such in the urine. Doses of 50 mg linamarin per 100 g 
body weight were invariably fatal, and some mortality resulted from doses of 25· mg, 
particularly if inadequate levels of methionine were provided. Rats receiving fatal doses 
of linamarin showed characteristic alterations in electrocardiograms similar to those result-
ing from fatal doses of KCN. Alterations in several biochemical parameters measured in 
the blood and in heart tissue were observed in these rats and also in rats receiving lesser 
but nonlethal doses. The toxicity of linamarin is mainly, if not entirely, due to cyanide 
released by the glucoside, and methionine contributes sulfur to aid in detoxification leading 
to thiocyanate formation. 
The severity of the reaction to KCN and linamarin was strongly influenced by the 
manner in which they were administered. Mixed with the diet and fed over a period of 
hours they were tolerated in large amounts; whereas, death resulted from single large doses. 
The cyanogenic glucoside, linamarin, occur-
ring in cassava, flax, and lima beans is of great 
interest because of the widespread consump-
tion of cassava ·by man and livestock. 
Linamarin is the glucoside of acetone cyan-
hydrin. It is readily hydrolyzed by a heat 
labile ,8-glucosidase, linamarase, to yield ace-
tone cyanhydrin, which can be split by a hy-
droxynitrile lyase, or nonenzymatically, into 
acetone and hydrogen cyanide (HCN). The 
enzyme complex is present in the plant tissue 
and is released when the cells are broken. Conn 
( 1969) illustrated the pathway for the enzy-
matic degradation of linamarin. 
It is generally believed that the toxic proper-
ties associated with linamarin and other cyan-
ogenic glucosides are due to the HCN released 
from the glucoside by the activity of the en-
zyme complex. However, the incidence of 
acute poisoning from the consumption of cas-
sava is relatively rare, a circumstance that no 
doubt is attributable to the processing pro-
cedures to which the roots are customarily sub-
jected before consumption. Soaking, heating, 
and various extraction procedures are com-
monly used that inactivate the enzymes present 
and remove any free HCN that may have ac-
cumulated in the plant. Moreover, although 
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HCN is a very toxic substance, significant 
amounts of ingested cyanide can be detoxified 
in the body. 
Several routes of detoxification have been 
proposed, conversion to thiocyanate ion 
(SCN-), incorporation into the 1 carbon 
metabolic pool through interaction with vita-
min B12, and conversion to 2-imino-4-thiaz-
olidine carboxylic acid. 
Lang ( 1933) postulated an enzyme rho-
danese in liver and kidney that catalyzes the 
reaction of thiosulfate with HCN to give SCN-, 
a relatively less toxic substance, which can be 
rapidly excreted. The properties of this enzyme, 
now known as thiosulfate sulfur transferase, 
and of a second enzyme, mercaptopyruvate 
sulfur transferase, also capable of forming 
SCN- by sulfur transfer to cyanide have been 
reviewed by Sorbo (1975). 
The possible involvement of vitamin B12 in 
cyanide detoxification was suggested by W okes 
and Picard (1955). In this pathway, vitamin 
B12, in the form of hydroxocobalamin (B12a), 
reacts with cyanide to form cyanocobalamin 
(B12 ). The latter then loses some of the cy-
anide to form 1-carbon fragments for the syn-
thesis of methyl groups and the resultant 
hydroxocobalamin returns to the liver to repeat 
the cycle. Alternatively, the hydroxocobalamin 
can combine with the SCN- formed via thio-
sulfate or mercaptopyruvic acid and proceed 
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to the formation of cyanocobalamin. Oke 
(1973) has outlined a scheme of detoxification 
of cyanide incorporating the joint intervention 
of thiosulfate, ,8-mercaptopyruvic acid, and 
vitamin B12. 
Wood and Cooley (1956) suggested a de-
toxification pathway in which cystine reacts 
with cyanide to give cyteine and ,8-thiocyano-
alanine, the latter tautomerizing to give 2-
imino-4-thiazolidine carboxylic acid, an inert 
compound that is excreted in the urine. There 
is no evidence to support other than a minor 
role for this reaction in the detoxification 
process. 
Although it is by no means certain that the 
potential toxicity of linamarin resides only in 
its ability to release cyanide under appropriate 
conditions, a study of the response to cyanide 
ingestion is pertinent to an investigation of the 
metabolism of cyanogenic glucosides, includ-
ing linamarin. ·The extreme toxicity of cyanide 
to most species is well known. The lethal dose 
for humans of potassium cyanide (KCN) 
taken by mouth is estimated to be between 1.0 
and 7.0 mg/kg body weight and will cause 
death in a few minutes (Montgomery 1969). 
Acute toxicity and death from the consump-
tion of cassava is not a common occurrence; 
however, many workers believe that there may 
be chronic effects from the consumption of 
sublethal amounts of cyanide continually over 
a long period. The occurrence of human ataxic 
neuropathy and also goitre in Nigeria is great-
est among those living in areas where cassava 
consumption is particularly high. The sugges-
tion has been made that the neuropathy is 
caused or aggravated by cyanide or a deriv-
ative acting on the central nervous system and 
the thyroids enlarged by SCN-, which is a well 
recognized goitrogen derived from the metabo-
lism of the ingested cyanide. The subject bas 
been extensively reviewed by Osuntokun 
(1973) and Wilson (1973). 
Some support for the theory has been ob-
tained from animal experiments. Smith et al. 
( 1963) reported lesions in the central nervous 
system of rats injected repeatedly with sub-
lethal amounts of KCN over a period of 22 
weeks. with some suggestion of demyelination. 
In a later experiment (Smith and Duckett 
1965), rats were injected daily for 5 weeks 
with KCN and a degeneration of neurons in 
the cortex and a degeneration of the corpus 
callosum were observed. However, only a 
small proportion of the injected rats showed 
these changes. Demyelination of the optic 
nerves and retina has been observed in rats 
given sublethal doses of cyanide over a period 
of 3 weeks (Lessel 1971), and cyanide poison-
ing has produced changes in the optic nerve of 
primates (Hurst 1940). 
Little is known of the fate or. possible tox-
icity of pure linamarin administered to animals 
in the absence of active linamarase or other 
substances that may accompany linamarin in 
its native plant source. Auld (1912) reported 
that guinea pigs fed up to 150 mg of linamarin 
over a 24 h period showed no obvious signs of 
a toxic reaction and concluded that linamarin 
itself was without effect when ingested. Wink-
ler (1958) suggested that, under some condi-
tions, microflora in the digestive tract may 
break down the glucoside and release HCN. 
The experiments, whose descriptions make 
up the remainder of this review, fall into 2 
groups, those in which KCN was administered 
directly to the rats, and those in which pure 
linamarin (purchased from Calbiocbem Co. 
Inc., La Jolla, California) was used and the 
reaction of rats to its ingestion was investi-
gated. 
Response to Different Levels of KCN 
This was a preliminary study to assess the 
toxicity for rats of dietary levels of KCN 
varying from 600 to 2400 ppm. The diet used 
in this experiment and most of the succeeding 
experiments was based on 10% of vitamin-
free casein as the protein source, sucrose as 
the chief energy source, and premixes giving 
a complete complement of vitamins and min-
erals. A supplement of 0.3 % DL-methionine 
was added, which, if omitted, rendered the diet 
deficient in methionine as reflected by reduced 
weight gains. In subsequent experiments it will 
be referred to as the "casein diet." 
Results of the experiment were in good 
agreement with similar data reported by Maner 
and Gomez ( 1973). Increasing levels of SCN-
in the urine (0.02-11.3 mg/ 100 g feed eaten), 
and to some extent in the plasma (0.33-0.82 
mg/ 100 ml), as KCN in the diet was increased 
from 0 to 2400 ppm showed that the rats were 
actively detoxifying the cyanide. While weight 
gains and feed consumption decreased as the 
level of KCN was increased in the diets all 
rats appeared healthy, even those receiving the 
diet containing 2400 ppm KCN. It can be cal-
culated that rats receiving this diet consumed 
on the average 4.5 mg of KCN per day over 
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Table 1. Effect of KCN addition to diets deficient in vitamin B12 and methionine on weight gain (g), 
feed consumption (g), urinary SCN- (mg/100 g food eaten), plasma SCN- (mg/100 ml), thyroid 
weight (mg/100 g body weight), and liver weight (g/100 g body weight) of rats. 1• 2 
Avg. Avg. feed 
Urinary 
Avg. Avg. 
wt. con- Plasma thyroid liver 
gain sump ti on SCN- scN- wt.a wt.a 
+ + + + + + 
Complete 348 190 1496 1240 0.5 29.0 0.5 0.7 2.7 3.4 4.0 3.2 
B, 2 deficient 324 151 1408 1032 19. 1 0.4 0.7 2.7 3.0 4.1 4.2 
Methionine deficient 245 57 1240 960 14.2 0.5 0.6 2.8 5.4 4.0 5.1 
B12 and methionine 
deficient 197 58 1360 1360 19.3 0.4 0.6 1.7 5.8 4.2 5.3 
1Each group consisted of IO male rats fed the diets for 12 weeks from weaning. No mortality occurred during the course of the 
experiment. Values are those obtained at the end of the experiment. 
'-indicates no KCN added to the diet; + indicates 1500 ppm KCN added. 
'Interaction between the effects of methionine and KCN was significant for both thyroid and liver weights. 
the 8 weeks of the experiment. In a later ex-
periment, a single dose of 0.6 mg of KCN 
given by stomach tube to a 100 g rat was fatal 
in 30 min. 
At the concl~sion of the 8 week experiment 
period the rats were dissected for histological 
study. Examination of sections of the central 
nervous system stained with hemotoxylin and 
eosin, including observations on myelin and 
axons, and sections of the thyroid using 
periodic acid and leucofuchsin, revealed no 
differences among the 5 groups of rats that 
could be attributed to the diets. 
Methionine and Vitamin B12 Deficiency 
and Ingestion of KCN 
Because sulfur amino acids and vitamin B12 
are believed to participate in the conversion of 
cyanide to SCN- an experiment was designed 
to examine the influence of a dietary deficiency 
of these nutrients or the response of the rat to 
cyanide ingestion. 
Groups of rats were fed the casein diet com-
plete and modified by omitting separately and 
together the supplemental methionine and vita-
min B12. Diets were fed with and without 
1500 ppm of added KCN. 
Weight gains were sig1.ificantly lower when 
supplemental methionine was omitted from 
the diet both in the absence and presence of 
KCN and when vitamin B1 2 was omitted in 
the absence of KCN. A high level of urinary 
SCN- was associated with all diets containing 
KCN, with no clear evidence that the level was 
affected by methionine or vitamin B12 (Table 
1). 
The only statistically significant interaction 
in the experiment was that between the effects 
of KCN and vitamin B12 on weight gains. 
Vitamin B12 omission from the diet had a 
greater effect on weight gains in the absence of 
KCN than in its presence. If vitamin B12 has 
a function in the detoxification of cyanide one 
might expect the opposite, i.e. an increase in 
the apparent toxicity of cyanide with the de-
ficiency of vitamin B12. 
The ingestion of KCN increased thyroid 
weights regardless of the diet composition, 
although the greatest effect was when the diet 
was deficient in methionine. This significant 
interaction between KCN and methionine in 
their effect on thyroid weights was also found 
for liver weights (Table 1 ) . 
Histological examination of tissue from the 
brain, pituitary gland, and spinal cord of repre-
sentative rats from the various diets did not 
reveal any significant differences that could be 
attributed to the dietary treatments. 
Response to Cyanide Ingestion 
There is widespread belief that the rat, in 
comparison to many other species of animals, 
including man, has an exceptional ability to 
tolerate a high intake of cyanide. There can be 
no doubt, on the basis of the experimental re-
sults already reported, that the rat has a great 
capacity to detoxify cyanide, suggesting the 
possibility that a species more sensitive to 
cyanide would be preferable for cyanide 
studies. In· the present experiment, the re-
sponses of guinea pigs, hamsters, mice, and 
rats to ad libitum consumption of a diet con-
taining 1500 ppm KCN were compared. The 
diet used, guinea pig chow (Ralston Purina 
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Table 2. Weight gain (g), feed consumption (g), urinary SCN- (mg/100 g feed consumed), and 
plasma scN- (mg/100 ml) of four species fed a diet with and without 1500 ppm KCN. 1•2 
-KCN -KCN +KCN +KCN Urinary SCN- Plasma SCN-
weight food weight food 
gain eaten gain eaten -KCN +KCN -KCN +KCN 
Rat 225 (9)3 1128 171 (9)3 1032 0.5W 25.9Y 0.2WY o.4xz 
Guinea pig 374(9) 2020 350 (7) 1880 0.5W 21.6Y 0.3W 0.5X 
Hamster 78 (10) 591 80(8) 576 0.4W 16.3• O.lY 0.3• 
Mouse 19 (10) 395 15 (9) 379 o.1x 14.9• o.2w 0.6X 
1 Diet in all cases was ground guinea pig chow (Ralston Purina Co.). 
•For weight gain and feed consumption studies 20 weanling animals from each species were divided into two groups of 10 each 
of equal average weight at the start of the experiment. Diets were fed for 12 weeks. For urinary and plasma SCN- each value is 
the average for seven rats. 
3Number of surviving animals. 
NoTE: Values with a common superscript are not statistically different (p > 0.05). 
Co.), was a compromise to providing a sepa-
rate diet formula for each species, and was 
believed to be nutritionally adequate for each 
of the species studied. Ten animals were fed 
the chow diet, with and without 1500 ppm 
KCN, for 12 weeks from weaning. 
With the exception of the hamster, weight 
gains were depressed by the addition of cy-
anide (Table 2). Of the animals receiving 
cyanide, three guinea pigs, one rat, two ham-
sters, and one mouse died during the course of 
the experiment. Of the control animals one 
guinea pig and one rat died. Feed consumption 
was not drastically reduced by the addition of 
KCN to the diet, although the decreases were 
statistically significant in the case of the rat, 
guinea pig, and mouse. 
For each species the addition of cyanide to 
the diet significantly increased both the uri-
nary output of SCN- and the plasma concen-
tration of SCN- (Table 2). 
Histological examination of the brain tissue 
revealed no significant differences between the 
control and KCN fed animals for any of the 
four species. Some animals had vacuolation 
around cells in the white matter but this was 
observed in both control and treated groups. 
No lesions were observed in any of the other 
tissues examined (thyroid gland, adrenal 
gland, spinal cord, and optic nerve). 
Although it must be accepted that the rat 
has a great capacity to dispose of large 
amounts of ingested cyanide it does not ap-
pear to be unique in this respect among other 
commonly used experimental animals. Each 
species consumed the cyanide supplemented 
diet quite readily and, with the possible excep-
tion of the hamsters, which had no reduction 
in weight gain associated with KCN consump-
tion, showed about the same response to 
cyanide ingestion. 
Sources of Sulfur for Cyanide Detoxification 
Although direct evidence is lacking, it is gen-
erally accepted that methionine, via cysteine, 
commonly serves as a sulfur donor for the 
formation of SCN- from cyanide. A possible 
role of inorganic sulfate (S04 =) as a sulfur 
donor is not without interest. One would not 
expect so4= to participate in the formation of 
SCN- because as far as it is known non-
ruminant animals cannot reduce hexavalent 
sulfur. On the other hand, there is evidence 
that sulfate sulfur given to chicks can be in-
corporated into the cystine of feathers (Mach-
lin et al. 1954). 
Barrett et al. (1977a) compared S04 = and 
methionine as sources of sulfur for SCN- for-
mation by rats receiving KCN in their diet. 
The basal diet was the casein diet with the sup-
plement of methionine omitted and the mineral 
portion modified to be free of S04 =. Their re-
sults supported a modest role for S04 = in the 
synthesis of SCN- (Table 3). Rats fed the 
basal diet alone barely gained in weight. This 
was not surprising; the limited amount of 
methionine present in the casein was called 
upon to supply: (1) so4= by oxidation of the 
amino acid sulfur to meet specific needs . for 
this ion; (2) methionine itself for protein syn-
thesis; and presumably (3) sulfur for the con-
version of CN- to SCN-. The addition of me-
thionine to the basal diet greatly increased 
weight gain and also increased urinary and 
.plasma SCN-. Although less effective than 
methionine, the addition of K2S04 also in-
creased weight gains and clearly had some 
effect on the conversion of CN- to SCN=. The 
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Table 3. Effect of methionine and sulfate on 
weight gains (g) and urinary SCN- (mg/100 g 
food eaten) and plasma SCN- (mg/100 ml) levels 
of rats receiving KCN.1 
Avg. Uri-
wt. nary Plasma 
gain SCN- SCN-
( 1) Basal (low methionine, 
so, free) 1.6 s.sw o.sw 
(2) +0.4% 
DL-methionine 44.6 34.2X l.8Y 
(3) +o.46% K.so, 13.2 16. lW o.1w 
(4) +0.23 
DL-methionine 
+ 0.23% K2SO, 32.9 26.9X l.4X 
1 Values are averages for 5 male rats for diet I and 12 rats 
each for diets 2, 3, and 4. Rats were fed from weaning for a 
period of 3 weeks. All diets contained 1500 ppm KCN. 
WXYValues with a common superscript are not significantly 
different (p > 0.05). 
effect of K2S04 supplementation could be at-
tributed to its satisfaction of specific needs for 
S04 =, thus sparing the methionine in the basal 
diet that would otherwise be required for this 
purpose. 
To confirm a role for methionine and pos-
sibly a direct role for S04 =in the conversion of 
cyanide to SCN-, 35S methionine and 35S 
Na2S04 were injected into rats receiving diets 
2, 3, and 4 of Table 3 following a 16 h fast. 
Diets were immediately replaced after injec-
tion and the urine collected for the following 
24 h. The SCN- was separated from other 
metabolites in the urine by paper chromatog-
raphy and the s5s in the SCN- fraction meas-
ured by liquid scintillation counting. 
It is evident (Table 4) that both methionine 
and Na2S04 contributed sulfur to the forma-
tion of SCN-. The percent recovery of the in-
jected 35S in the case of methionine supple-
mentation was much less than was the case for 
sulfate, but this would be expected as relatively 
large amounts of methionine are metabolized 
in the body as compared with sulfate. The rela-
tive activity of the two sulfur sources as sulfur 
donors was approximately in proportion to the 
urinary SCN- recorded in Table 3, although it 
is not clear why the rats that received the com-
bination of methionine and K2SO 4 in the diet 
contributed more s5s to SCN= than those fed 
the diet supplemented with K2S04 alone. The 
difference between the two values was not sta-
tistically significant. 
Effect of Linamarin on Thiocyanate Levels 
and Thyroid Uptake of 1311 
In a first experiment with linamarin, a large 
amount of the glucoside was fed to rats and 
evidence sought for its metabolism through 
changes in SCN- levels and thyroid uptake of 
131I. 
Weanling male rats were fed the casein diet 
and the diet unsupplemented with methionine 
for 2 weeks. On each of the last 3 days of 
this period, half of the rats were allotted 10 g 
of feed, and the other half, 10 g into which 
80 mg of linamarin had been mixed. Urine was 
collected from each rat for 24 h before feeding 
linamarin and daily during the 3 days of 
linamarin feeding. On the morning of the 4th 
day each rat was injected with Na rn11 and 
killed 6 h later. Blood samples were drawn from 
the heart before death, and the thyroids were 
removed and their radioactivity measured in 
an automatic gamma counting system. 
Regardless of the presence or absence of 
supplemental methionine the ingestion of lin-
amarin resulted in a small but statistically· 
significant increase in plasma and urinary 
SCN- and a decrease in 1s11 uptake by the 
Table 4. Incorporation of a5s from labelled methionine and sulfate into urinary thiocyanate1 
a 5S recovered a5s as SCN-
Compound in urine in urine us as SCN-
injected (%injected dose) (%injected dose) (%total us in urine) 
0.4% DL-methionine (2) L-methionine a 5S }8.7W 5.ow 27.Sw 
0.46% K2so, (3) Na235S04 57.9X 2.9x 5.2X 
0.2% DL-methionine 
+ 0.23% K2S04 (4) Na235S04 4f.7Y 4_4wx 10.sx 
1Each value is the mean for 6 rats. 
•Diet fed up to 16 h before and following injection of the radioactive compound. Numbers in parentheses refer to diet number 
given in Table 3. 
WXYValues with a common superscript are not significantly different (p > 0.05). 
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thyroid. A reduction of 1311 uptake by the rat 
thyroid in short-term experiments has been 
attributed to the goitrogenic activity of SCN-
(Delange et al. 1973). 
The consistent evidence for increased SCN-
formation when linamarin was administered 
provided definite evidence that at least a por-
tion of the linamarin had been metabolized. 
Linamarin Given by Stomach Tube 
In this study (Barrett et al. 1977b) male 
rats were fed the casein diet from weaning. 
When their weights were approximately 100 g 
they were individually dosed by stomach tube 
with linamarin dissolved in water. Following 
dosing, feces, urine, and blood were analyzed 
for linamarin (Zitnak et al. 1977) and the 
blood for SCN-. 
In a preliminary experiment, 10 rats re-
ceived a dose of SO mg of linamarin and seven 
died within 4 h. Six rats, dosed with water 
only, showed no abnormal reaction. Just be-
fore death electrocardiogram' tracings were re-
corded for two rats. Abnormal patterns were 
obtained that were similar to those reported 
for humans who had consumed a lethal dose 
of cyanide (Wexler et al. 1947). 
Because of the lethal effect of 50 mg, the 
dose was reduced to 30 mg and at this level all 
rats survived. 
No linamarin was detected in the feces or 
blood of these rats. However, 5.65 mg of lina-
marin was found in the urine along with 0. 743 
mg of SCN- (0.65, 0.07, and 0.023 mg, 24, 48, 
and 72 h after dosing, respectively). 
Failure to find linamarin in the feces means 
that within the limits of the analytical method 
the administered linamarin was either ab-
sorbed completely intact or partially hydro-
lyzed and the products absorbed and/ or lost 
in the feces. Failure to find linamarin in the 
blood, even though it appeared in the urine, 
could reflect a quite dilute level of linamarin 
in the blood, which was concentrated by the 
kidney. It is also possible that linamarin may 
be bound to blood proteins in a form not re-
covered by the methanol extraction step used 
in the analysis. 
The 0.743 mg of SCN- excreted above the 
base level in the urine over a period of 3 days 
theoretically could have been formed from 
3.16 mg of linamarin. Of the 30 mg of linama-
rin given the rats, therefore, 8.81 mg (3.16 + 
5.65) was accounted for. 
Changes Associated with Linamarin 
Administration 
An oral dose of 50 mg of linamarin given to 
rats weighing about 100 g resulted in death 
of the animals within a few hours. It is reason-
able to attribute this severe ration to a large 
amount of cyanide released from the linamarin 
following its ingestion. 
An experiment in which rats were given 
either a lethal dose of linamarin (50mg/100 g 
BW) or of KCN (0.6 mg/ 100 g BW) by 
stomach tube revealed close similarities in re-
sponse to the two cyanide compounds. Both 
produced ataxis, apnea, docility, and paresis, 
although only the KCN dosed rats developed a 
severe cyanosis. All Iinamarin dosed rats died 
in about 4 h and KCN dosed rats in about 30 
min. 
Because cyanide is known to affect heart 
function in a characteristic manner (Woolman 
and Dripps 1970) electrocardiograms from lin-
amarin and KCN dosed rats were compared. 
There were many similarities in the tracings 
given by the rats receiving the two compounds, 
including cardiac arrhythmias, changes in the 
electrical stimulation of the heart, and a de-
creased heart rate (Fig. 1). 
Quantitative evaluation of certain of the 
changes in cardiac function are given in Table 
5 and of some biochemical measurements in 
Table 6. Compared with control values whole 
blood lactic acid was elevated in rats dosed 
with linamarin or KCN, whereas pyruvic acid 
was essentially unchanged. The increased 
Iactate/pyruvate ratio is indicative of severe 
cardiorespiratory failure. This phenomenon 
has been attributed to an increased activity of 
lactic acid dehydrogenase acting in a reverse 
capacity (Broder and Weil 1964). 
Decreased cytochrome oxidase activity also 
observed is a well recognized result of cyanide 
poisoning and has been cited as a cause of the 
arrhythmias seen after cyanide administration 
(Ballantyne et al. 1972; Schubert and Brill 
1968). 
In the, above studies the diet used was Purina 
Rat Chow fed ad libitum. This diet was care-
fully checked for any ability to release HCN 
from linamarin by incubating a portion of the 
diet along with linamarin, with and without 
an active Iinamarase concentrate prepared 
from flax seedlings. Only when the active 
linamarase preparation was included in the 
incubation mixture was there a detectable pro-
duction of HCN. 
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Fig. 1. Effects of linamarin and cyanide dosing on cardiac rhythm. All traces were 
obtained in Lead 11 at an amplitude setting of 0.5 VID. Traces a and e were taken 24 h 
before dosing, traces b-d were taken 3 h 58 min to 4 h 13 min after dosing, and traces 
f-h were taken 11-25 min after dosing. 
Table 5. Effects of linamarin (50 mg/100 g BW) and KCN (0.6 mg/lOOg BW) given orally on 




Predose 1st scan 2nd scan' Pre dose 1st scan 2nd scan' 
Heart rate (beats/min) 471 ±3 2 317±20* 243±14* 479±5 300±22* 241 ±23* 
Mean electrical axisa +70±8 +114±17* +135±22* +79±3 +128±14* +85±15* 
Respiration rate 
(breaths/min) 87±10 27±5* 26±7* 88±6 97±11 40±12* 
Minute volume4 (ml/min) 72±10 8±4* 9±5* 82±11 56±13 18±10* 
1Predose values were obtained 24 h before dosing. Average times from dosing for 1st and 2nd scans were for linamarin 3 h 
58 min, 4 h 13 min and for KCN 14 min, 25 min. 
•Mean ± S.E.M. for a minimum of 6 rats per group. 
'Changes in mean electrical axes are indicative of an altered electrical stimulation of the heart. 
4 Amount of air taken in per min in brea thmg. 
•Significantly different from predose value according to Student's "t" test (p < 0.05). 
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Table 6. Effects of linamarin (50 mg/100 g BW) and KCN (0.6 mg/100 g BW) 
given orally on certain biochemical measurements in the rat. 
Blood lactic acid (mg/100 ml) 
Blood pyruvic acid (mg/100 ml) 
Lactate/ pyruvate 
Cardiac cytochrome oxidase activity 

















'Number in parentheses is number of rats per group. 
'Mean ± S.E.M. 
*Significantly different from control group according to Student's "t" test (p < 0.05). 
The previous investigation was extended to 
include other biochemical measurements. The 
dosing technique was the same but in addition 
to the 50 mg/ 100 g BW dosing of linamarin, 
known to be lethal, a 25 mg dose was used. 
The casein diet was fed to the rats both with 
and without supplemental methionine. As be-
fore, rats receiving the 50 mg dose died in 
about 4 h. There was no apparent influence of 
the presence or absence of supplemental me-
thionine on the outcome. Electrocardiogram 
tracings recorded before death of the rats were 
comparable to those obtained in the previous 
study following the administration of either 
linamarin or KCN. 
Surprisingly the 25 mg dose produced clin-
ical signs of toxicity including apnea, ataxia, 
and paresis. These signs were particularly evi-
dent when the diet was deficient in methionine, 
in which case about 50% of the rats died in ap-
proximately 4 h. Abnormal electrocardiogram 
tracings were also observed following the 25 
mg dose. Even with adequate methionine in 
the diet 10% of the rats receiving 25 mg of 
linamarin died and about 40% showed no 
toxic signs. Both dose levels decreased cardiac 
cytochrome oxidase activity and increased 
blood lactic acid levels, although the increase 
in the latter was less in the case of the 25 mg 
dose. 
Additional biochemical data from the analy-
sis of heart tissue and blood are given in Table 
7. The partial pressures for C02 and 0 2 in the 
blood and the bicarbonate ion level were sig-
nificantly altered in most cases by linamarin 
dosing, indicative of metabolic acedosis and an 
alteration in the buffer capacity of the blood. 
In general, ATPase activities were significantly 
reduced by linamarin, symptomatic of an in-
terference with the release of energy in the 
heart tissue. Na+K+ dependent ATPase was 
affected by the 25 mg dose but not by the 
50 mg. Possibly the more rapid development of 
toxicity with the latter dose level prevented an 
effect on this enzyme that was evident at the 
lower dose. It is of considerable interest that 
the activity of this enzyme in the heart is spe-
cifically reduced by the glucoside, digitalis, 
raising the possibility that linamarin may exert 
a toxic effect partly by a mechanism inde-
pendent of HCN. 
Prolonged Daily Dosing with Linamarin 
Four groups of five male rats were fed ad 
libitum from weaning for 5 weeks. Two groups 
received the casein diet and two groups the 
casein diet without supplemental methionine. 
Two groups, one from each dietary treatment, 
received daily by stomach tube a dose of 9.4 
mg linamarin/ 100 g BW. This dose level was 
calculated to have the potential of providing 
0.25 mg of cyanide/ 100 g BW I day, approxi-
mately the minimum lethal dose for rats when 
administered intravenously (Stecker 1968). 
Control rats received an equivalent amount of 
water by stomach tube. 
Weight gains were recorded and several bio-
chemical measurements were made at the end 
of the 5-week experimental period (Table 8). 
Weight gains were not significantly altered 
by the treatment with linamarin and there 
was no mortality. However, the lactate/ 
pyruvate ratio was significantly increased by 
linamarin dosing and cardiac cytochrome oxi-
dase activity significantly decreased. Their 
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metabolic disturbances related to linamarin 
ingestion. The significant increase in urinary 
SCN- for rats receiving linamarin is most 
likely a reflection of an active detoxification of 
HCN arising from the glucoside . 
Conclusions 
Since the critical studies presented here were 
done with rats, interpretation of the findings 
must be confined to this species. 
Rats appear to have a great capacity to toler-
ate a continuous intake of cyanide at quite 
a high level, e.g. a diet containing 2400 ppm 
KCN, without obvious signs of distress, other 
than a reduction· in weight gains. However, 
there was no evidence that the rat differed 
from the guinea pig, hamster, or mouse in this 
respect. 
Although the possibility of pathological 
lesions in the central nervous system, spinal 
cord, and other organs arising from long term 
ingestion of cyanide cannot be ruled out, no 
evidence for such a relationship was found in 
these investigations. Some rats were fed for 
as long as 12 weeks with a diet containing 1500 
ppm KCN and deficient in methionine and 
vitamin B12• 
Pure linamarin, in the absence of linama-
rase, was partially metabolized to yield SCN-
following ingestion, although a portion was 
absorbed intact and excreted as such in the 
urine. It appeared that the toxicity of linama-
rin to the rat depended greatly on the manner 
in which it was administered. Fed as a mix-
ture with food, it appeared to be well tolerated 
even in large amounts. However, given as a 
single dose by stomach tube a large dose was 
lethal, and a smaller dose continuously ad-
ministered produced biochemical effects. 
The results strongly suggest that the toxicity 
of pure linamarin resulted mainly, if not en-
tirely, from the cyanide released during its me-
tabolism. The variable severity of the effects 
observed with different modes of administra-
tion was probably a reflection of the rate and 
absolute amount of cyanide released into the 
system, and whether or not the channels of 
elimination could adequately cope with the 
cyanide. 
Results confirm the generally accepted be-
lief that the level of dietary sulfur amino 
acids is an important factor in influencing the 
toxicity of cyanide, and can contribute sulfur 
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Table 8. Response of rats to daily dosing with linamarin for 5 weeks from weaning. 1•2 
Dietary treatment 
Methionine Methionine 
Methionine Methionine adequate deficient Significant 
adequate deficient + linamarin + linamarin effects 
Avg. wt. gain (g) 161±17 104±7 160±8 91±5 methionine 
Systolic blood pressure 
(mm Hg) 107 .2±3.9 98.3±4.4 87.4±5.9 86.9±2.7 methionine 
X linamarin 
Blood lactate/pyruvate ratio 10.3 ±1.2 13.5±1.l 20.3± 1.5 28.7±4.6 linamarin 
Cardiac cytochrome oxidase 
activity (m µM substrate 
oxidized/IO min/µg 
substrate) 2.4±0.l 2.4±0.1 1.1±0.2 0.9±0.2 linamarin 
Urinary SCN-
(µg/100 BW /24 h) 0.5±0.0 0.7±0.1 1.9±0.3 2.2±0.5 linamarin 
1Values are averages for 5 male rats. 
'Rats received daily by stomach tube 9.4 mg linamarin per JOO g body weight. 
for the formation of SCN- from cyanide. It 
was shown that the sulfur from sulfate ion 
can also contribute to the synthesis of SCN-. 
The author is grateful to the following by whose 
efforts the data of this report were obtained: J.C. 
Alexander, Mearle D. Barrett, Diana J. Philbrick, 
all of the Department of Nutrition; A. Zitnak, 
Department ·of Horticultural Science and R. G. 
Thomson and G. Losos, Department of Pathology. 
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Cassava in the Nutrition of Broilers 
J. J. Montilla1 
One of the main obstacles to efficient animal production in the tropics is the lack of 
excess agricultural products that can be used as raw materials for animal rations. Cassava 
products (roots and foliage) appear to be one of the best possibilities for overcoming the 
chronic deficit in tropical agricultural production. The majority of the research carried 
out during the last 10 years shows that cassava root flour can be substituted for cereals in 
broiler rations at levels of up to 30%. When the diets are prepared in the form of pellets 
it appears possible to use cassava root meal and cassava foliage meal at levels up to 50 and 
20%, respectively. The author strongly believes that even if a deterioratiop of 10% occurs 
in body weight increase and feed efficiency, cassava-based diets can be an economically 
feasible proposition within the framework of the developing countries. It is proposed that 
broiler· feeding experiments utilizing cassava products not only evaluate body weight 
increase and feed efficiency, but also state the product yield in terms of production per 
hectare as this is a more logical approach to an agricultural activity. In addition, several 
areas of research requiring emphasis are suggested. 
Although man's interest in birds dates from 
the beginning of the first civilizations, their 
utilization as domestic animals destined for 
massive production of high value food for 
human consumption has been more recent. 
For example, the 9.3 million metric tonnes of 
eggs and 4.0 million tonnes of poultry meat 
produced ih the world annually between 1948-
52, rose to 22.3 million tonnes and 19.0 million 
tonnes, respectively, in 1972; an increase of 
240 and 465% in only two decades (FAO 
1973). This impressive increase permitted con-
sumption of eggs and poultry meat to rise 
from 3. 72 and 1.6 kg to 5.9 and 5.1 kg annually 
per capita, but it has not taken place evenly in 
all countries. -
About 1663.5 million fowl in the developed 
countries of the western world produce 11.5 
million tonnes of meat and 11.5 million tonnes 
of eggs. The less-developed countries, situated 
mainly in the tropical areas, produce only 2.3 
and 3.3 million tonnes of meat and eggs re-
spectively, in spite of their having 1780 mil-
lion fowl; in the socialist countries 2340 million 
fowl produce 5.2 and 7.5 million tonnes of 
meat and eggs. The above data show the enor-
mmis difference in the human consumption of 
avian products (meat and eggs) that reaches, 
in terms of kilograms per person per year, 
31.2 kg in the developed countries of the west-
ern world, only 3.1 kg in the tropical less-
developed countries, and 7.3 kg in the socialist 
countries (FAO 1973). 
The exceptional increase in poultry produc-
lDepartamento de Producci6n Animal, Facultad 
de Ciencias Veterinarias, Universidad Central de 
Venezuela, Maracay, Venezuela. 
tion achieved in the last few decades has been 
possible because of improvements in genetics, 
sanitation and hygiene, management, and nu-
trition. The goals achieved in these fields have 
been possible because of extensive investments 
of material and time. We can now say which 
countries can rely on good poultry genetic ma-
terial, good sanitation and hygiene methods 
to control diseases and plagues, and good man-
agement systems, which give the birds ade-
quate comfort for optimal production, with-
out causing too great an investment on the 
part of the country concerned. Unfortunately 
the same is not true with animal nutrition. The 
development of avian production is one of the 
ways by which the western developed coun-
tries and the major part of the socialist bloc 
transform their agricultural excess into prod-
ucts more appetizing and of exceptional nutri-
tional value. These excesses simply do not 
exist in a tropical area; on the contrary, there 
exists a deficiency with regard to direct human 
nutrition. For this reason, only countries like 
Venezuela (with an enormous income due to 
revenues from oil exportation, which allows 
exceptionally high importation of raw material 
for animal feeding) have developed avian pro-
duction to provide an important contribution 
to human nutrition. 
The principal plant harvests on a world ·basis 
are cereals (1275 million tonnes), of which the 
developed countries of the western world and 
the socialist bloc countries produce 452 and 
457 million tonnes respectively, i.e. 35.5 and 
35.8% of the total; the developing countries, 
with 47% of the human population, only pro-
duce 367.3 million tonnes (28.7%). The situ-
ation is graver still when one considers that in 
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the developing countries 289.6 million ha are 
cultivated, which represents 41.5% of the 
world area utilized for this type of cultivation. 
The situation is very similar for roots and 
tubers, which occupy second place in relation 
to the volume of world production;- the de-
veloping countries only produce 29.5% of the 
world total (166.2 million tonnes, of a total of 
563.4 million tonnes). 
The tropical developing countries only lead 
in the production of crops of lesser importance 
in relation to the total volume produced, such 
as grains, fruits, vegetable oils, sugar, coffee 
and cocoa, vegetable fibres, tobacco, and rub-
ber. It must be considered that a significant 
part of the production is not devoted to in-
ternal consumption but is exported. 
A much more serious problem is detected 
when the world production of animal food is 
analyzed. The developed countries of the west-
ern world, with 20% of the total human popu-
lation, produce 48.8% of the meat, 49.4% of 
the milk, and 51.3% of the eggs. The socialist 
bloc countries, inhabited by 33 % of the human 
population, produce 33%, 29.9%, and 33.5% 
respectively. The developing countries, with 
47% of the population, produce only 18.3% of 
the meat, 19.9% of the milk, and 14.7% of the 
tained in Venezuela, and it is considered that 
this volume of production is a feasible goal 
when the cultivation of high-yielding varieties 
becomes more generalized, and when suitable 
methods of cultivation are applied (Montaldo 
1973). 
Without question, green plants represent the 
most abundant and economical source of pro-
tein because they synthesize amino acids 
through photosynthesis, which is based on 
primary products available in unlimited 
amounts: solar energy, carbon dioxide, water, 
and inorganic nitrogen (atmospheric in the 
case of legumes). The amino acids synthesized 
in this way are polymerized into a more stable 
form as proteins, and stored in the leaves. As 
the process takes place, principally during the 
early leaf stage, the tender green leaf material 
possesses the greatest protein value (Oke 1973). 
In this respect, cassava foliage cut at intervals 
of between 60 and 90 days constitutes an ex-
cellent possibility (Montilla 1976). 
There exists sufficient evidence to demon-
strate the feasibility of utilizing cassava root 
flour as an energy source, and cassava leaf 
flour as a supply of certain of the protein re-
quirements in broiler feeds. 
eggs. Cassava Root Flour 
In summary, of the 2751 million tonnes of 
plant products produced in the world, 827 mil- Cassava is one of the oldest crops in tropical 
lion tonnes (30%) come from the developed America. The Indians learned how to process 
countries, 840 million tonnes (30.5%) from the root by drying it and converting it into a 
the developing countries, and 1087 million product which, in addition to increasing its 
tonnes (39.5%) from the socialist countries; useful life span, became harmless due to the 
of the 546.4 million tonnes of animal products elimination of hydrocyanic acid (HCN), 
for human consumption, 269.6 million tonnes which is especially abundant in the so-called 
(49.3%) are produced in the developed coun- "sour" varieties. Following the discovery of 
tries of the western world, 109.4 million tonnes America, cassava was passed to the tropical 
(18.1 % ) in the developing countries, and 167.4 areas of Africa and Asia where it soon became 
million tonnes (32.6%) in the socialist coun- a basic food. However, it is only during the 
tries. last few decades that interest has been shown 
Cassava, until recently relegated to the area in utilizing it in balanced feeds for animals. 
of scientific research, is without doubt one of In 1935, Tabayoyon in the Philippines, 
the best possibilities for overcoming the studied a product derived from the extraction 
chronic deficit in tropical agricultural produc- of cassava starch, the chemical composition of 
tion. This type of cultivation, without the tech- which was: moisture 10.56%; protein 1.03 % ; 
nological expertise that is applied to the fat 0.62 % ; crude fibre 4. 76%; ash 1.22 % ; and 
production of cereals, and with a minimal carbohydrate 81.91 % . This material was incor-
input, gives an average production of 10 000 porated at 30 and 60% levels into mixes for 
kg/ha in the tropics, equivalent in energy value chicken production, together with other in-
to 3500 kg of cereal. In countries such ~°"g?edients such as rice bran, corn meal, and 
Brazil, average production is already higher shrimp meal. Body weights at 12 weeks were 
than 15 000 kg/ha. Harvests of more than 30 517.7, 463.4, and 388.0 g for birds that ate 
tonnes of roots per hectare are commonly ob- feeds containing 0, 30, and 60% of the cassava 
MONTILLA: NUTRITION OF BROILERS 45 
by-product. The amount of feed consumed was 
2.55, 2.28, and 2.24 kg. The results of this 
work are of great importance when one starts 
to think of cassava not only with regards to its 
direct use as food for man and domestic ani-
mals, but also its increased use for industrial 
processing. 
Olson et al. (1969) determined the metabo-
lizable energy (M.E.) of cassava root flour, 
prepared by peeling and grinding the root, 
compressing it to remove water, and drying in 
an oven at approximately 100 °C. These work-
ers reported caloric values of 3.44 and 3.09 
kcal/g of M.E. for the dry and the 10% 
moisture flour, respectively. In 1972 Maust et 
al. determined the M.E. of cassava root flour 
from Thailand classified as "suitable for 
human consumption." The flour contained 
1.1 % neutral detergent fibre, 0.0% acid deter-
gent fibre, 0.1 % crude protein, and 4306 kcal/ 
kg of total energy. The M.E. value (dry base) 
was 4.31 kcal/g. Muller et al. (1974) reported 
M.E. values in Singapore of 3650 kcal/kg for 
cassava root flour and 3660 kcal/kg for yellow 
corn grain. Hutagalung et al. (1974) report an 
M.E. level of 3230 kcal/kg for cassava root 
flour. Such diverse energetic values are due to 
the use of different products. They may also 
reflect differences in -chemical composition 
caused by age, time of harvest, and methods 
of processing (Barrios and Bressani 1967). 
With respect to the digestibility of the cas-
sava root flour fractions by poultry, Vogt 
(1966) reports crude protein 75%, crude fat 
70%, crude fibre 55%, and nitrogen-free ex-
tract 99%. 
McMillan and Dudley (1941) fed chickens 
diets containing 20 and 40% cassava root flour 
and did not notice deleterious effects on health; 
however, the higher level of substitution pro-
duced a reduction in weight gain. 
Klein and Barlowen (1954) recommended 
using cassava root flour at levels of up to 10%, 
because higher levels were reported to decrease 
weight gain and feed efficiency. They affirmed 
that cassava flour contained a factor that di-
minished feed consumption. Wegner (1961) 
obtained satisfactory results by feeding broilers 
rations containing 8% cassava root flour. 
Vogt and Penner (1963) incorporated up to 
30% cassava root flour into broiler rations. 
Productivity was normal with 10%, but with 
20 and 30%, weight gain and feed efficiency 
deteriorated. According to these workers the 
adverse effect occurs mainly in the first few 
weeks of life. Vogt (1966) affirmed that only 
after the fourth week can broilers consume 
cassava root flour at levels higher than 10%. 
Yoshida et al. (1966) found that young birds 
grew well when fed with 10% cassava root, 
but that higher levels resulted in delayed 
growth. Moistening the cassava overnight or 
autoclaving it at 120 °C for 1 h significantly 
increased the rate of growth of the birds. The 
authors suggested that HCN, present in the 
flour (36 ppm), was responsible for the low 
level of growth. 
Enriquez and Ross (1967) studied in 1-day-
old Leghorn chicks the effect of incorporating 
up to 50% cassava root flour into a diet whose 
principal protein source was formed by fish 
meal, meat and bone meal, and soybean flour. 
The composition of the cassava flour was: 
moisture 11.78%; crude protein 1.73%; crude 
fat 0.50%; crude fibre 2.2%; ash 3.79%; and 
nitrogen-free extract 80.09%. The fresh ma-
terial came from a sweet clone, and was ob-
tained from plants 11-16 months old. The cas-
sava was harvested, washed, cut, and dried for 
24-48 h in a grain drier at 50 °C. The flour 
prepared in this way showed very low levels of 
HCN. At 3 weeks of age, deterioration in 
weight gain and feed efficiency was statis-
tically significant when cassava flour levels in 
excess of 20% were used. The addition of 
molasses and soybean oil had no beneficial 
effect, which demonstrated, according to the 
authors, that the problem was not one of pal-
atability or essential fatty acid deficiency. On 
the other hand, supplementation with 0.15% 
methionine corrected the adverse effects. The 
authors concluded that if the ration was bal-
anced with respect to protein and methionine, 
cassava flour could satisfactorily replace all 
the corn in the diet. The response to methi-
onine was probably due to the fact that 
by increasing the levels of cassava in the 
rations it was also necessary to increase 
the levels of soybean flour (in the protein 
of which methionine is the most limiting 
amino acid). Olson et al. (1968) affirmed 
that although cassava root flour contains 92 % 
of the M.E. of corn, they only obtained a 72% 
weight increase and a deterioration of feed 
efficiency when compared with the cereal. 
Soares et al. (1968) studied levels of partial 
and total substitution of corn with cassava root 
flour in 1-day-old New Hampshire chicks, and 
also substitution of the corn with approxi-
mately equal amounts of cassava root flour and 
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wheat flour. In the first instance the cassava 
flour ·reached a maximum incorporation of 
34.30% in the ration, and in the second case the 
cassava plus wheat reached 20.16%. The best 
weight increases and feed efficiencies were ob-
tained with 12 and 18% cassava flour, and 
with 6 and 12% of the mixture. Majarrez et al. 
(1973) combined cassava flour and rice polish-
ings in the proportion 40: 60, and called the 
mixture "cassavarice." These workers consid-
ered that the mixture could partially substitute 
grain in balanced diets. In I-week-old broilers, 
they studied levels of 0, 50, and 100% "cassava-
rice" as a corn substitute, using exclusively 
isoprotein rations. No significant differences 
were encountered with reference to weight in-
crease, but differences were detected in rela-
tion to feed efficiency (p < 0.01). The mean 
values were 2.41, 2.57, and 2.93, respectively, 
for the different levels used. They concluded 
that the use of "cassavarice" was possible, its 
use being dependent on the price of the raw 
materials. . 
Rendon et al. (1969) studied the incorpor-
ation of 0, 15, 30, and 45% cassava root flour 
in diets for broilers, and reported a decrease in 
weight .gain and feed efficiency for all levels 
studied; however, with the 15% level the dif-
ferences were lower. The authors confirmed 
the existence in cassava flour of a factor that 
reduced feed intake in birds receiving the high-
est levels. Gadelha et al. (1969), using 1-dayc 
old broiler chicks, studied the effects of sub-
stituting cassava root flour for corn at levels of 
up to 45% in diets supplemented with 0.20% 
methionine. They observed a decrease in 
weight gain and feed efficiency at· all levels 
studied; however, the lower cost of the cassava 
flour made the 15% diet more economical. The 
consumption of the food was not affected in 
these diets. 
Olson et al. (1969) tested peeled cassava root 
flour in broiler rations, incorporating it in 
amounts from 7.5 to 45.0%, and making the 
rations isocaloric . and isoproteinaceous by 
means of the addition of animal fat and soy-
bean flour. They found that although the gain 
in weight was slightly reduced by increasing 
the incorporation of cassava flour, significant 
differences only appeared at the higher levels 
(37.5 and 45.0%); the feed efficiency response 
was similar. They concluded that peeled cas-
sava root flour could be incorporated into diets 
for chicks at levels of up to 30% without 
affecting weight increase if the feed was bal-
anced for energy and protein. Tejada and 
Brambila (1969) studied the incorporation of 
up to 50% (0, 12.5, 25, 37.5, and 50%) washed 
cassava root flour in diets for Leghorn chicks, 
in substitution of corn, and found no signifi-
cant differences in relation to weight increase 
or feed efficiency. 
Montilla et al. (1969) studied in 1-day-old 
Vantress X White Rock chicks the effect of 
incorporating 0, 15, and 30% sweet cassava 
root flour in rations whose principal protein 
sources were the following flours: sesame, cot-
ton seed, meat and bone meal, and fish meal. 
The cassava root flour was obtained from un-
washed sun-dried roots (approximately 36 h). 
The weight increases by the 6th week were 
very similar: 995 g, 995 g, and 981 g for diets 
with 0, 15, and 30% cassava root flour, respec-
tively. Feed efficiency decreased in a linear 
fashion, with values in the same order of 2.03, 
2.09, and 2.19; feed consumption increased 
from 2.020 kg in the basal ration to 2.151 kg 
at the 30% cassava flour level. The authors 
suggested that the deterioration in the feed 
efficiency could · be a result of the powdery 
characteristic that the cassava root flour gave 
to the rations. Montilla et al. (1970), using the 
same levels of substitution, added to all the 
diets 5% animal fat and 5% sugar cane mo-
lasses with the object of ·eliminating the 
powdery characteristic given by the cassava 
root flour. At the 8th week, no significant dif-
ferences in feed consumption, weight increase, 
or feed efficiency were detected between the 
treatments. Feeding costs were reduced by 
7.4 and 9.8% for the chicks that received 
rations containing 15 and 30% cassava. 
Vogt and Stute (1964) had already observed 
that better results were obtained when de-
hydrated cassava root flour was pelleted, and 
they suggested that the feed intake could be 
negatively influenced by the excessively fine 
nature of the flour. Milller et al. ( 1974), con-
sidering the specific weight of a corn-based diet 
to be 100, found that this value decreased to 
81 when 40% cassava root flour was used as a 
corn substitute, but that it increased to 109 
when the feed was pelleted. Chou and Miiller 
(1972) substituted pelleted cassava root flour 
for corn flour at levels of up to 58 % , and 
found that this substitution was possible pro-
vided that the diets were duly balanced with 
regard to other nutrients. They emphasized 
that toxic or growth-retarding factors were not 
observed. Palisse and Barratou (1974) re-
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placed 23% of the corn or wheat with 20% 
cassava root flour, 2% animal fat, 1 %·soybean 
flour, and 60 g methionine, without encoun-
tering significant differences with respect to 
feed consumption, weight gain, and feed effi-
ciency, provided that the rations were prepared 
in the form of pellets. 
Armas and Chicco (1973) 'replaced corn 
with cassava flour in broiler diets containing 
corn flour, soybean flour, sesame flour, meat 
meal, and fish meal. The cassava flour was 
incorporated at levels of 18, 36, and 54% in 
the diets (which were isocaloric and isopro-
teinaceous) , and they found no significant dif-
ferences with respect to weight increase and 
feed efficiency, although with the diet contain-
ing 54% cassava flour the weight increase was 
reduced by 8.1 % . The fact that the diets con-
tained 8 or 16% animal protein, or were sup-
plemented with 0.3% methionine and 0.3% 
lysine, did not affect the results. According to 
Sebastia et al. (1973), feed consumption was 
not affected in broilers by the substitution of 
up to 50% of the sorghum by cassava root 
flour. They found a significant weight gain 
difference, the best diet being that in which 
30% of the sorghum was substituted by cas-
sava root flour; higher levels of substitution 
gave rise to a marked deterioration in weight 
increase and feed efficiency. 
Montilla et al. (1975) partially (30% of 
the diet) and totally (37% of the ration) re-
placed corn flour with "sour" cassava root 
flour (785 ppm HCN in fresh cassava, and 
50 ppm in the flour). In both cases 11 % of 
the corn had been replaced by 9 % sugar cane 
molasses and 2% animal fat to eliminate the 
powdery characteristic of the rations. These 
rations, given to 1-day-old Vantress X White 
Rock chicks, resulted in very similar weight 
gains at the 4th week in the case of diets con-
taining 0 and 30% "sour" cassava flour; at the 
37% level the weight gain dropped by 9.0% 
(highly significant). The same authors com-
pared base rations (starters and finishers) with 
rations containing 30% "sweet" cassava root 
flour (0 ppm HCN) or 30% "sour" cassava 
rooi flour (50 ppm HCN) (Table 1). 
The "sour" cassava behaved in a slightly in-
ferior manner with regard to weight increase 
and feed efficiency, probably because of its 
HCN content (50 ppm). It would appear that, 
even accepting the affirmations by Tejada and 
Brambila (1969) and Jalaludin and Yin (1972) 
that birds (Gallus) are exceptionally resistant 
to HCN intoxication, it is necessary to obtain 
(by adequate processing) a product that does 
not contain HCN, or which contains it in a 
very low proportion. It is worth noting that the 
cassava flour used in all the experiments car-
ried out by Montilla was sun dried. 
Phuah and Hutagalung (1974) provided 
meat-type chicks with rations having three 
protein levels (19, 22, and 25%) and three 
cassava flour levels (0, 20, and 40%) over the 
period of 3-6 weeks of age. After 3-6 weeks 
of age they gave the same levels of cassava but 
reduced the protein levels to 17, 20, and 23%. 
They found that the percentage carcass yield 
(dry basis) and carcass yield protein were sig-
nificantly higher, and that the production of 
fat was lower with 20% cassava root flour. 
The digestibility of the protein was reduced, 
and that of the fat was increased, when the 
percentage of cassava was increased in the diet. 
They concluded that cassava flour had no ad-
verse effects when the diet was supplemented 
with methionine, lysine, and palm oil. 
Cassava Leaf and Foliage 
Miranda et al. (1957) conducted two ex-
periments comparing chick rations containing 
5% of either alfalfa (Medicago sativa) hay, 
tropical kudzu (Pueraria javanica) hay, cas-
sava (Manihot esculenta) hay, or Desmodium 
discolor hay. The body weights obtained with 
all the rations at 8 and 12 weeks did not differ 
significantly. They concluded that any of the 
four hays produced satisfactory results under 
the conditions of the experiments. 
Ross and Enriquez (1969) studied the effects 
of incorporating cassava leaf meal at levels of 
up to 20% in rations for 1-day-old male Leg-
horn chicks. The fresh material utilized in the 
first two experiments was from plants 11-15 
months old, and from younger plants for sub-
sequent experiments. The flour prepared with 
these materials had a protein content of 14.8% 
in the first case, and approximately 18.0% in 
the others. The flour was prepared by drying 
the leaves overnight in a drying chamber at 
50 °C. The HCN content of one of the flours 
utilized was 554 ppm. From the first experi-
ments it was concluded that cassava leaf flour 
depressed body weight increase and feed effi-
ciency when it was incorporated at levels 
higher than 3%. Supplementation with 0.15% 
methionine and 3% maize oil overcame. the 
adverse effects at all levels. According to 
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Table 1. Results after 6 and 8 weeks of the substitution of 303 "sweet" or 




03 cassava 1.056 
303 "sweet" 1.034 
303 "sour" 1.014 
these authors, methionine appears to be the 
first limiting factor and energy the second one 
in chick diets containing cassava leaf flour. A 
marginal methionine deficiency may have been 
responsible for some of the growth depression, 
although the presence of appreciable quanti-
ties of cyanogenetic glucoside in cassava leaves 
suggests that cyanide toxicity may have been 
responsible for a relative methionine defi-
ciency. Because the growth effect from supple-
mental methionine was greater than could be 
explained from the methionine content of the 
rations, the hypothesis was advanced that cas-
sava leaf rations required methionine to pro-
vide additional sulfur for cyanide detoxifi-
cation. The addition of 0.15% sodium thio-
sulfate to the 20% cassava leaf ration signifi-
cantly improved growth, supporting this hy-
pothesis. 
Agudu (1972) compared cassava (Manihoi 
utilissima) and Madras thorn (Pithecellobium 
dulce) leaf flours, a synthetic xanthophyll ma-
terial, and two sources of yellow corn as 
sources of yolk pigments in White Leghorn 
pullets. Cassava leaf flour appears to be a good 
source of pigments. 
Montilla et al. (1973) found no significant 
differences in body weight gain, feed efficiency, 
or pigmentation effect when they compared 
2.5% cassava foliage flour (from 3-month-old 
plants) with the same level of alfalfa flour in 
broiler rations. 
Siriwardene and Ranaweera (1974) pre-
pared a flour including leaf (blade), leaf stalks, 
and younger stems. The flour thus prepared 
contained 22.3% protein and 16.8% crude 
fibre and was incorporated in rations for 1-
week-old chicks at levels substitution of 0, 3, 
5, and 10% for coconut meal. Differences in 
body weight increment and feed efficiency 
were not significant. 
Montilla et al. (1976) prepared broiler ra-
tions in which cassava foliage flour was incor-
porated at levels of 10, 20, and 30%. Each 
8 weeks 
Feed Weight Feed 
efficiency increment (kg) efficiency 
2.052 1.518 2.313 
2.177 1.501 2.448 
2.245 1.459 2.490 
10% of cassava foliage replaced 7.5% of a 
sesame-cotton seed flour mix (3: 1) and 2.5% 
maize. Diets were fed as either mash or pel-
lets. When mash diets were used, body weight 
increment and feed efficiency were adversely 
affected at each level of cassava foliage substi-
tution from 0 to 6 weeks of age. Body weight 
gains were similar for all treatments for the 
6-10-week-old birds. Feed efficiency in the 6-
10-week-old groups gave similar results except 
at the 30% level, in which the response was 
poor. Pelleted diets up to 20% showed good 
improvement in body weight increments; birds 
reaching market weights at 8 weeks· of age. 
Feed efficiency was poor in the pelleted diets, 
probably because a high capacity pelleting ma-
chine was used to process small quantities of 
feed. Steam injection could not be controlled 
and the pelletization occurred mostly dry, 
probably destroying and/ or impairing some 
nutrients. The results suggest that cassava 
foliage flour can be incorporated at relatively 
high levels in pelleted broiler rations. These 
results, and research in progress, suggest that 
oil-seed meals can be reduced by up to 30% 
by using cassava foliage flour at levels between 
16 and 20%. In the cassava foliage flour used 
by the author HCN was not detected, although 
the fresh material had about 500 ppm; .whereas, 
the flour used by Enriquez and Ross (1969) 
had 554 ppm. The difference may be in the 
processing: sun-drying versus drying chamber 
at 50 •c. 
Hutagalung et al. (1974) using 2-week-old 
meat-type chicks studied the effects of incor-
porating in a basal diet (a) (principal ingredi-
ents were soybean flour and corn flour) the 
following: 10% (b) and 20% (c) cassava leaf 
flour; 20% (d) and 40% (e) cassava root 
flour; 10% cassava leaf flour and 30% of cas-
sava root flour (f); and 15% cassava leaf flour 
and 30% cassava root flour (g). The body 
weight increments were: 18.2; 15.7; 15.2; 18.4; 
16.0; 15.8; and 15.7 g/day for diets a, b, c, d, 
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e, f, and g, respectively. In the same order, the 
feed efficiency was: 3.12; 3.36; 3.81; 3.14; 3.24; 
3.64; and 3.81. The chicks receiving the cassava 
leaf flour did not consume enough feed to meet 
their nutrient requirements, particularly en-
ergy and protein, probably because of a reduc-
tion in nutrient density. As well, they referred 
to the incomplete elimination of the growth 
depressing factor in the cassava leaf flour. 
The estimated cereal requirements for 
Venezuela are about 6.2 million tonnes (about 
2.2 million tonnes for poultry and swine feed-
ing). With actual cereal crop yields of about 
1.3 tonnes/ha (which is similar to that ob-
tained in most tropical countries), this would 
require the planting of about 4.6 million ha. 
If cassava and sugar cane (with rice as the 
main cereal crop) were used on a large scale 
the required area for planting would be re-
duced to less than 1 million ha. Good cassava 
varieties, with proper planting techniques, 
yield 10 tonnes/ ha/ year of dry roots and 30 
tonnes/ha/year of cassava foliage flour, which 
would produce (at 20% protein) 6 tonnes of 
protein/ha/year. At the present time sugar 
cane is yielding 7 tonnes of sugar and about 
3.5 tonnes of molasses/ha/year, and rice yields 
approximately 3.0 tonnes/ha/year. 
The following points are emphasized: 
(1) Cassava root flour with which research 
on broiler nutrition has been carried out has 
not been uniform either in composition or in 
method of processing. Whole cassava root 
flour, from roots washed or unwashed, peeled 
or unpeeled, oven-dried following crushing to 
remove water, dried in driers and sun-dried 
respectively have been used. If to this are 
added the variations among varieties with re-
spect to chemical composition, it is difficult to 
expect that the results would be homogenic. 
It is suggested that attempts be made to experi-
ment with, and define the composition of, 
whole washed sun dried cassava root flour and 
with whole flour dehydrated by the D' Andrea 
process which seems to be the most appro-
priate, at least for the developing countries. 
(2) Most of the research carried out during 
the last 10 years shows that cassava flour can 
be incorporated into broiler rations at levels of 
up to 30%, in substitution of cereals. As is the 
case with any energy source, it ·is necessary 
that the diet be balanced. 
(3) Supplementation with methionine seems 
necessary only when the basic protein source is 
soybean flour and/ or appreciable amounts of 
HCN are found in the flour. 
(4) When the diets are prepared in the form 
of pellets cassava root flour can be incor-
porated into broiler diets at levels of 50% or 
more: The beneficial effect of pelleting is ex-
plained by the consideration that the digestive 
tract of birds is short and of little physical ca-
pacity; for these reasons, in their feeds, one 
not only has to consider the concentration of 
nutrients per unit of weight, but also per unit 
of volume. Cassava flour is a material of rela-
tively low density, a limitation which is over-
come by pelletization. 
(5) When pelletization is not possible, mo-
lasses and/ or animal or vegetable fats must 
be incorporated into the diet to eliminate the 
powdery characteristic that cassava flour con-
fers upon the rations, which can adversely 
affect feed consumption. 
(6) It appears impractical to think of col-
lecting and processing the leaves of the cassava 
plant alone. However, it seems more logical 
to consider cassava foliage as distinct from 
cassava roots and harvesting it at time inter-
vals of between 60 and 75 days. 
(7) It appears possible to utilize up to 50% 
cassava root flour and 20% cassava foliage 
flour in pelleted broiler diets, these amounts 
replacing almost all the cereals and up to as 
much as one third of the oil-seed meals. 
(8) It is important that broiler feeding ex-
periments utilizing cassava products should not 
only evaluate body weight increase and feed 
efficiency, but also state the product yield in 
terms of production per hectare (tonnes/ha) 
as this is a more logical approach to an agricul-
tural activity. Countries in temperate areas are 
obtaining between 1.5 and 2.0 tonnes of broil-
ers (live weight) per hectare using cereals and 
soybean flour as the chief ingredients of the 
diets. These levels of production could be 
achieved, and even surpassed, in tropical areas 
if products from cassava and other high yield-
ing tropical crops were to be used. Currently, 
in the tropical areas of the world, classical 
broiler diets produce slightly over 0.4 tonnes 
of broilers per hectare. 
Some areas of research which should be em-
phasized are: 
(1) Drying methods for roots from "sour" 
cassava varieties and for foliage of all varieties, 
to render the feedstuffs innocuous. 
(2) Processing and utilization of mixed cas-
sava root and foliage to take advantage of the 
high enzyme concentration (for HCN Iiber-
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ation) in the foliage. This would provide a 
product relatively high in energy and with ap-
proximately 9% protein, when combined in 
the proportion of 1: 1 on a fresh basis. 
(3) Levels and combinations of cassava root 
flour and cassava leaf flour, and of both with 
other ingredients includ.ing amino acids, vita-
mins, and minerals, for the periods of the 
broiler production cycle (growing arid finish-
ing). 
(4) HCN removal from cassava foliage is 
total when it is sun dried, but not when a dry-
ing chamber (50 °C) is used. Studies should be 
carried out on leaving the fresh previously cut 
material overnight, as this would help in ob-
taining innocuous products when fast drying 
is used. 
(5) The economics of the whole production 
process comparing classical cereals-soybean 
flour diets with diets based on cassava products 
should be reviewed. The author strongly be-
lieves that even when a deterioration of 10% 
occurs in body weight increase and feed effi-
ciency, diets based on cassava products are an 
economically feasible proposition in develop-
ing countries. 
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Cassava in the Nutrition of Layers 
T.A.Omole1 
The high price of cereal grains and their low production level in the tropics have led 
to an increase in the price of eggs. There is an urgent need for an alternate source of 
dietary energy for egg production. Cassava yields several times more energy per hectare 
than maize or guinea corn and poses fewer stotage problems. As a result of the release of 
HCN from cassava, a close look"is taken in this paper into its effect on nutrient availability, 
nutrient utilization, efficiency of production, and egg quality of layers fed cassava diets. 
The irreversible reaction of hydroxycobalamin with cyanide to form cyanocobalamin is 
beneficial in promoting the release of the available form of vitamin a12· in the process of 
cyanide detoxication by the layers. The activity of the shell gland of the layer may be 
depressed by the action of HCN, which combines with hemoglobin to form a nonoxygen 
carrying compound cyanohemoglobin. Also, cytochrome oxidase activity may be reduced 
as HCN forms a reversible complex with the copper of the oxidase system. Iodine avail-
ability is similarly hampered in layers fed cassava diets. The result of these reactions may 
be low hatchability, prolonged hatching time, and depressed production rate. However, 
up to 60% cassava flour meal may be fed to layers if the diet is well balanced in other 
nutrients. The use of 0.5% cassava leaf meal may remove the yolk colour problem; whereas, 
egg weight may be increased by the use of added fat and synthetic methionine. Since 
cassava is high in ascorbic acid, egg shell thickness may not be a problem at high tem-
peratures. More extensive studies are recommended. 
Cereal grains supply the bulk of the energy 
required in most of the rations used for egg 
production today. Because of the high yield 
of cereal grains obtainable per hectare in the 
developed countries of the world, grain supply 
is adequate to meet the quantities required for 
human consumption and for animal feeding. 
However, in the less developed countries, 
cereal grains are in high demand for human 
use and the . production has never been ade-
quate to meet the needs of the increasing popu-
lation, consequently there is no excess grain for 
feeding livestock. Enormous losses and wast-
age occur during harvesting; whereas, damage 
due to insects during storage further reduces 
most of the advantages derivable from the use 
of newer hybrids and developing technology. 
The net result is a considerable increase in the 
market price for cereal grains and an equally 
high increase in the price of eggs. There is an 
urgent need to seek an alternative source of 
energy for use in egg production enterprises in 
the developing part of the world. 
Of all the tropical farm crops, cassava is 
the most productive in terms of its energy 
yield. Data from Nigeria indicate that cassava 
yields 13 times more energy per hectare than 
maize or guinea corn (Oyemiga 1961). Apart 
from its· ease of propagation and economy of 
production, cassava is relatively free from pests 
!Department of Animal Science, University of 
Ife, Ile-Ife, Nigeria. 
and poses comparatively fewer storage prob-
lems compared to maize. 
The root and leaf material are two nutri-
tionally valuable products that can be obtained 
from the cassava plant. The cassava root has 
an estimated average composition of 60-65% 
moisture, 30-35% carbohydrate, 0.2-0.6% 
ether extract, 1-2% crude protein, and a rela-
tively low content of minerals and vitamins. 
It is, however, fairly rich in calcium and as-
corbic acid and contains nutritionally signifi-
cant amounts of thiamine, riboflavin, and nia-
cin. The leaves on the other hand have one of 
the highest protein levels of any green plant 
material. Proximate analysis values are: 77% 
moisture; 8.2% crude protein; 3.3% NFE; 
1.2% ether extract; and 7.2% crude fibre 
(Johnson and Raymond 1965). Rogers and 
Milner (1963) showed that on a dry matter 
basis, protein content of leaves in Brazilian 
varieties of cassava is within a range of 17.8 
and 34.8% and that from Jamaican varieties 
18.5-32.4%. Oyenuga (1968) indicated that 
cassava leaves from varieties in Nigeria aver-
aged 14.7% protein, 8.4% ether extract, and 
16.1 % total ash. Eggum (1970) analyzed the 
amino acid content of leaves of three varieties 
from Nigeria and found that they averaged 
6 % lysine, 2 % methionine, 11 % aspartic acid, 
6% valine, 5.5% arginine, and 2.2% trypto-
phan. True digestibility was 73 % . 
However, because· of the release from cas-
sava of hydrocyanic acid (HCN) through acid 
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or enzymatic hydrolysis of the cyanogenic glu-
cosides, linamarin, and lotaustralin (Nartey 
1968) a careful examination is required of 
the effect of HCN on nutrient availability, 
nutrient utilization, efficiency of egg produc-
tion, and egg quality of layers fed cassava diets. 
Nutrient Availability and Utilization 
The nutritional implication of HCN has 
been reviewed (Oke 1969). There is consider-
able evidence that vitamin B12 (cyanocobala-
min) possibly in the form of vitamin B12a 
(hydroxocobalamin) plays an important role 
in the detoxication of cyanide in the body 
(Mushett et al. 1952; Smith and Duckett 1965; 
Wokes and Picard 1955). Kaczka et al. (1950) 
observed that in the presence of light, vitamin 
B12 is converted to vitamin B12a that can react 
with cyanide to regenerate vitamin B12. The 
reaction of vitamin B12a with cyanide to form 
vitamin B12 is irreversible and so this may be 
beneficial in promoting the release of the avail-
able form of vitamin B12 in the process of 
cyanide detoxication by the laying bird. Ewing 
(l 963) reported a close relationship between 
increasing levels of vitamin B12 and hatch-
ability in laying birds. Evidence indicating that 
vitamin B12 plays an important role in the per-
formance of laying hens has been produced by 
Couch et al. (1950). 
Some of the symptoms of HCN poisoning 
can be explained on the basis of its affinity for 
metal ions such as copper and iron. It com-
bines with hemoglobin to form cyanohemo-
globin, which is not an oxygen carrier. The 
effect of low oxygen transport on the shell 
gland of hens is reduced oxygen uptake. The 
shell gland of the laying bird has several func-
tions. Besides the action of the muscle to 
move and expel the egg, it takes care of the 
secretion and possibly the synthesis of organic 
materials like the shell matrix, the true cuticle, 
and ooporphyrins. It is also responsible for the 
secretion of inorganic materials for the plump-
ing fluid and for shell formation. El-Jack and 
Lake (1967) observed that the calcium content 
in the uterin fluids of laying hens is higher 
than the calcium content of the blood, which 
suggests an active transport of this ion - a 
system requiring an adequate supply of oxygen. 
Beuving (1970) indicated that a high oxygen 
uptake is required by the shell gland of the 
laying hen to effectively function. 
HCN also forms a reversible c0mbination 
with the copper of the cytochrome oxidase 
system, the terminal oxidase in the electron 
transport mechanism from which high energy 
phosphate bonds are derived. Any alteration in 
the form of the copper content of the cyto-
chrome oxidase will inhibit its function as an 
oxidative enzyme in energy metabolism. This 
probably explains in part the results of some 
workers (Enriquez and Ross 1967; Jalaludin 
and Leong 1973; Chou et al. 1973; Sonaiya 
et al. 1976; and Montilla, personal communica-
tion 1977) who observed depressed efficiency 
of feed· utilization as a result of feeding high 
levels of cassava meal to different classes of 
livestock. 
Ermans et al. (1973) indicated that the main 
effect of prolonged consumption of cassava on 
rats is a marked depletion of the iodine stores; 
the degree of this depletion was strikingly 
. severe in the absence of iodine supplementa-
tion. They further observed that abnormalities 
induced on the thyroid function by cassava 
consumption could not be distinguished quali-
tatively from those related to an insufficient 
iodine intake. The implication of this in the 
layers is that reproduction is related to thyroid 
function, possibly through the gonads. Calcifi-
cation is also affected in some cases of dys-
function, possibly through the parathyroid 
glands (Ewing 1963). There is sufficient evi-
dence, however, to show that egg production 
may not be affected by the iodine content of 
the ration (Rogler et al. 1961a, 1961b). Hatch-
ability of eggs from hens fed iodine-deficient 
diets is greatly reduced and hatching time is 
prolonged. The weights of 18-day embryos 
from hens receiving low levels of iodine were 
also significantly lowered (Rogler et al. 1961 b). 
This suggests that breeding hens fed high levels 
of cassava-based rations may show slow 
hatchability of eggs, but the problem requires 
study. 
Efficiency of Egg Production 
Temperton and Dudley (1941) used cassava 
meal as a substitute for maize meal and ground 
oats. They observed that laying birds could 
tolerate up to 40% cassaviyfueal in a dry mash 
without the ration beingynpalatable or causing 
constipation. Eg~r-OCfuction was lower than 
on ordinary ration, but changes in body weight 
and mortality rate were similar. Later, as a re-
sult of a scarcity of maize in southern Rho-
desia during World War II, trials were made 
in 1943 to test the value of cassava meal and 
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palm kernel meal for growing chickens and 
laying hens; cassava meal proved to be a good 
substitute for maize and palm kernel meal 
(S.R. Poultry Report 1943). 
An increase of 19.2% in egg production was 
reported when Falanghe (1949) replaced 
wheat bran with cassava meal and rice bran. 
A more balanced nutrient was probably 
achieved by the feeding of both cassava meal 
and rice bran in the diet of the layers. Fangauf 
(1955) suggested that cassava meal should not 
be fed beyond 25% in the diets of laying birds; 
the consequence of higher levels being de-
creased egg production. Levels similar to those 
suggested by Fangauf were later fed by Mantel 
(1961). In his experiment, cassava meal was 
fed to layers at 0, 8, 16, and 24% for 317 days. 
All the diets had about 16.3% digestible pro-
tein and the respective productive energy con-
tents were 1722, 1699, 1675, and 1651 kcal/kg 
with ratios of percentage crude protein to kcal 
productive energy of 1:83.6, 1:82.5, 1:81.3 
and 1 :80.5. There was no effect of the cassava 
diet on average daily intake, and feed utiliza-
tion was improved by 14. 7 % in the diet con-
taining 16% cassava. Egg production was not 
affected by any of the cassava levels. Vogt 
(1966) concluded that 20% cassava meal may 
be employed in the diets of laying birds as 
long as the lower protein content of cassava 
meal is compensated by high levels of protein 
feedstuffs. 
In more recent studies, higher levels of cas-
sava meal have been used in the diet of layers. 
Pillai et al. (1968) replaced 50% of ragi flour 
(Eleusine corocana) by cassava spent pulp, a 
fibrous waste of starch extraction, in the diet 
of laying hens. They observed a significant 
12 % increase in egg laying even though the 
two diets were isoproteic and isocaloric, but 
were unable to explain the cause of improve-
ment resulting from the inclusion of tapioca 
in the diet. Similarly, Enriquez and Ross (1972) 
fed cassava root meal as up to 50% of the 
ration of White Leghorn pullets and observed 
no adverse effects on egg production and effi-
ciency of feed conversion. Hamid and Jalalu-
din (1972) replaced maize with cassava root 
meal in the diets for laying birds at levels 0, 
20, 40, 60, and 76%. A nonsignificant increase 
in feed consumption and egg production was 
reported up to the 60% level of substitution. 
Supplementation of the 76% cassava meal 
with 0.15% methionine gave no significant im-
provement in performance. Supplementation 
with 0.30% methionine, however, gave a sig-
nificant increase in egg production. They con-
cluded from this study that cassava could be 
successfully used to replace maize up to a level 
of 60% in the diets of laying birds, but that 
above that, there may be difficulty in main-
taining the protein content of the ration. 
Jalaludin and Leong (1973) in two separate 
experiments observed that low dietary levels 
of cassava meal (5, 10%) had no deleterious 
effect on egg production and efficiency of feed 
conversion, but 50 or 60% levels of cassava 
root meal tended to decrease production and 
feed efficiency. They further observed that the 
depressing effect of high dietary levels of cas-
sava meal could be overcome by supplement-
ing with fish meal. 
In a 40-week study by Eshiett and Ademosun 
(1976), White Leghorn pullets were fed cas-
sava meal from 1 week of age through the first 
4 months of laying. During the initial period of 
1-6 weeks, a low level of 15% dietary cassava 
was fed. Half of the birds receiving 15% cas-
sava meal were fed 30% cassava between 7 
and 12 weeks of age; whereas, the remaining 
half continued to receive the 15% cassava 
through the laying period. Beyond 12 weeks, 
half previously receiving 30% were fed 40% 
cassava meal. Throughout the growing phases 
of the pullets, varying levels of dietary cassava 
did not affect feed conversion, egg production, 
or egg weight. 
Cassava Peel Meal 
Most of the studies reported herein have 
used cassava root meal in. their investigations, 
and in many cases the roots were peeled before 
being made into flour. However, the peel has 
not been thoroughly explored at present. 
Chemical analysis shows that the peel is richer 
than the pulp in crude protein and is also high 
in total ash and crude fibre (Table 1). Its high 
fat content may be an advantage in over-
coming some of the egg quality problems asso-
ciated with high dietary levels of cassava flour 
meal. Using peeled cassava for human food, the 
production of starch for making biscuits, beer, 
industrial alcohol, and glucose, means an 
abundant amount of cassava peel may go to 
waste. Like the pulp, the single major factor 
militating against the use of the peel is its HCN 
content. Oyenuga and Amazigo (1957) found 
that peels of six Nigerian varieties contained 
five to ten times the concentration of HCN 
found in the pulp. However, Carmody (1900) 
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Table 1. Proximate composition (%) of cassava 
root meal (from peeled cassava) (CRM), cassava 
peel meal (CPM), and yellow corn meal (YCM).' 
CRM CPM YCM 
Dry matter 28.50 27.94 90.38 
Crude protein 2.58 5.29 10.65 
Ether extract 0.48 1.18 4.09 
Crude fibre 0.43 20.97 1.32 
NFE 94.12 66.63 82.56 
Total ash 2.41 5.93 3.68 
•Source: Oyenuga 1968. 
pointed out that although the sweet type may 
contain as much acid as the bitter type, the 
distribution of the acid is different. A high 
concentration of the HCN is confined to the 
skiri and outer cortical layer in the sweet type; 
whereas, the acid is more evenly distributed in 
the root of the bitter varieties. It appears that 
the main problem lies with the type of cassava 
used. 
Part of the problem of toxicity may be over-
come by drying. If linamarin itself is not toxic; 
presumably the heating process during .drying 
may be sufficient to denature the hydrolytic 
enzyme and so prevent the release of free 
HCN. Razafimahery (1953) indicated that 
about two-thirds of the HCN present in cas-
sava was lost during sun drying for 7 days. 
Egg Quality 
Hamid and Jalaludin (1972) observed that 
egg yolks became progressively whiter as cas-
sava meal increased from 20 to 60% of the 
ration. Similar results were obtained by Enri-
quez and Ross (1972). Two factors are likely 
to be responsible for poor yolk colour: (1) the 
absence of pigmenting xanthophyll; and (2) 
the low fat content of cassava flour meal, 
which indicates a low level of carotene. How-
ever, Guimaraes and Cresta de Barros (1972) 
suggested that the carotene level may be of less 
significance in areas where yellow cassava is 
produced. 
Agudu (1972) compared cassava leaf meal, 
madras thorn leaf meal, a synthetic xantho-
phyll, and two types of corn- as sources of egg 
yolk pigment in four separate experiments 
using White Leghorn strain-cross pullets. He 
observed that cassava leaf meal had higher 
total (605 mg/kg) and pigmenting xantho-
phyll (508 mg/kg) contents than madras thorn 
leaf meal and commercial xanthophyll. Visual 
colour score was also higher in eggs supple-
mented with cassava leaf meal (CLM) than 
the madras thorn leaf (MTL) meal or the 
commercial xanthophyll (CX). The average 
visual colour scores were: white corn 1.0; 
0.25% MTL 3.0; 0.50% MTL 4.0; 0.25% CLM 
4.9; 0.50% . CLM 5.4; yellow corn 3.3; and 
0.5% CX 1.7. Inclusion of about 0.5% cassava 
leaf meal will remove the problem of white 
yolk colour associated with high levels of cas-
sava in the diets of laying birds. 
The low fat content of cassava meal as com-
pared with maize may have some effect on egg 
weight. Hens fed purified diets lay smaller 
sized eggs than similar hens fed practical 
ration. This was true whether isolated soybean 
protein or fish meal served as the only protein 
source of the purified diet (Ewing 1963). 
Studies have been conducted with White Leg-
horn hens using a basal diet consisting of fish 
meal, glucose, cellulose, vitamins, and min-
erals. Treatments included substitution of corn 
starch, and yellow corn for glucose and in-
creasing the protein level of the diet from 15 
to 20%. Only the addition of yellow corn con-
sistently increased egg weight. In another ex-
periment, corn oil was determined as the factor 
responsible for iilcreasing egg weight (Jensen 
et al. 1957). This may be significant where 
most or all of the maize is replaced by cassava 
meal. Scott et al. (1969) indicated that a strik-
ing reduction in egg size can be produced by a 
linoleic acid deficiency in the ration. In a 
severe deficiency, eggs laid by mature hens 
may weigh only about 40 g compared with a 
weight of 60 g for eggs from control hens. 
Hildith and Williams (1964) have analyzed 
large samples of maize fat and found that gen-
erally it contains 60.8% linoleic acid; whereas, 
Hudson and Ogunsua (1974) obtained a value 
of 14.6% linoleic acid in cassava tuber fat. 
Analyses by Janssen and Terpstra (1972) indi-
cated that yellow maize contained 42 g fat/kg 
dry matter and that cassava contained 5 g fat/ 
kg dry matter. Under practical conditions, 
linoleic acid may be submarginal in cassava 
diets containing low levels of yellow corn and 
no added fat. Improvement in egg size from 
sources of linoleic acid have been observed 
when birds are fed diets based primarily on 
barley, wheat, or milo (Scott et al. 1969). 
Besides the effect of low linoleate in cassava 
diets, egg weight problems may be complicated 
by an i_nadequate supply of dietary methionine. 
Oyenuga (1968) reported the methicinine con-
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tent of maize as 194 mg/16 gN, and that of 
cassava as 63 mg/16 gN. The total methionine 
content of high level cassava diets unsupple-
mented with synthetic methionine may be too 
low for normal egg size in laying birds. Scott 
et al. (1969) indicated that the most important 
nutritional factors known to affect egg size are 
the protein and amino acid adequacy of the 
diet. Since about 50% of the dry matter of an 
egg is protein, the supply of amino acids for 
protein synthesis is critical for egg production. 
When the supply of either one or several 
amino acids is low, egg protein with an altered 
amino acid composition will not be synthesized. 
Instead, under conditions of mild deficiency, 
the quantity of protein synthesized may be de-
creased and in severe dietary deficiency, egg 
prptein synthesis may essentially cease. Often 
a reduced egg size is the only consequence ob-
served in marginal protein or amino acid de-
ficiency. It is generally accepted that methi-
onine is the first limiting amino acid of laying 
rations (Ewing 1963). Enriquez and Ross 
(1972) and Jalaludin and Leong (1973) re-
corded slight but· nonsignificant reductions in 
egg weight when 50 or 60% cassava meal was 
fed to laying hens. 
It is very unlikely that dietary cassava will 
have any effect on shell colour. The colour of 
the shell is largely dependent upon the produc-
tion of pigments by certain breeds. This is 
completely unrelated to the nutritional value 
of the egg and is ordinarily not altered by the 
nutrition of the layer. Where there is prefer-
ence about shell colour, additives like nicar-
bazin may be used for the production of white 
shells; whereas, high dietary level of t:hlortetra-
cycline may result in the production of yellow 
shells. The major concerns of shell quality are 
thickness and structure. Consumers desire an 
egg that is as resistant as possible to breakage 
and to penetration by microorganisms. The 
addition of vitamin C to the ration will in-
crease shell quality in the case of high environ-
mental temperatures (Thornton and Morenq 
1959; Sullivan and Kingan 1962). In a more 
recent investigation on the effect of vitamin C 
on the structure and ultrastructure of the egg 
shell, El-Boushy et al. (1968) reported that 
vitamin C addition to layer rations resulted in 
increased shell thickness and improved shell 
structure. Oyenuga (1968) indicated that the 
vitamin C content of cassava (35.0 mg/ 100 g) 
is over three times as high as that of maize 
(11.4 mg/ 100 g) on a dry matter basis. At high 
levels of cassava feeding, the vitamin C con-
tent of the diet should be high enough to im-
prove shell thickness and structure. Enriquez 
and Ross (1972) demonstrated that shell thick-
ness was increased when 10, 25, or 50% cassava 
meal was fed to White Leghorn pullets. 
Conclusions 
Before using cassava extensively in their 
diets, much more study is required to deter-
mine the possible adjustments that might be 
necessary to meet the nutrient requirement of 
layers. 
The affinity of HCN for metal ions 
may render both the copper and iron in 
feed unavailable. Improved processing tech-
niques may reduce the HCN content of 
cassava meal; however, the need to investigate 
the copper requirements of cassava-based 
diets cannot be overemphasized. Jenkins 
et al. (1970) stimulated growth in pullet chicks 
by feeding copper above recommended levels 
in diets based on cereal grains. The rate of 
energy metabolism may be improved by in-
creasing copper levels; whereas, increasing 
dietary iron may lead to improved functioning 
of the shell gland as a result of increased 
oxygen uptake. 
The role of supplemental methionine in cas-
sava diets for laying birds is two-fold: (1) being 
a sulfur-containing amino acid, methionine 
may be involved in the detoxication of HCN; 
and (2) the amino acid distribution of the diet 
becomes more balanced as cassava is low in 
this limiting amino acid. The result is a more 
efficient utilization of dietary protein and in-
creased egg production and egg size. Apart 
from methionine, the addition of fat will re-
duce feed dustiness and feed wastage, supply 
carotene and essential fatty acids especially 
linoleic acid, and improve egg size. 
The use of cassava leaves in laying rations 
should be encouraged. Apart from its ability 
to yield good quality protein, it helps to retain 
yolk colour. In general, further investigation 
is required to ascertain the effects of cassava 
meal on various aspects of egg production and 
quality. 
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Cassava in the Nutrition of Swine1 
S. Khajarern, 2 J.M. Khajarern,2 N. Kitpanit, 2 and Z. O. Miiller3 
A review of the nutritive value of cassava products and the utilization of these prod-
ucts in swine rations is presented. It is generally agreed that cassava root products can be 
successfully used as an energy source for swine. The products, once properly prepared and 
carefully balanced for all nutrients, can be used at levels of 40-75% in diets for growing-
finishing swine without adversely affecting performance or carcass characteristics. Both 
the technical and economic aspects of the limitations and the fortifications required for the 
utilization of the products are discussed. Experimental results at Khon Kaen University 
have demonstrated that cassava root products at levels as high as 50% and 68-70% can 
be successfully incorporated in the starting and growing-finishing diets, respectively. The 
possibility of lowering the protein level in swine rations containing high levels of cassava 
root meal is suggested because the protein quality, once fortified with methionine, is higher 
in cassava-based than in cereal-based diets. 
At present, cassava (Manihot spp.) is one of 
the most important food crops in the world. 
The world production of fresh cassava root is 
reported to be about 105 million tonnes from 
a cultivated area of some 12 million hectares 
(FAO 1974). Approximately 90% of the cas-
sava that is produced is used as human food; 
the rest is for livestock feed and other indus-
trial usages (Coursey and Halliday 1974). The 
use of cassava root products for livestock feed-
ing was not given much attention until the 
late-sixties when demand started to increase 
sharply due to the world feed grain shortage. 
The significant role of cassava products in 
animal feed today has resulted from its favour-
able price compared with feed grains in the 
European Economic Community (EEC) mar-
ket. Yet, the real potential for using the prod-
uct in animal feed has not been fully realized. 
As a result, cassava is being compounded into 
animal feeds at a limited level, 5-40% de-
pending on species, age of animal, and country 
(Anonymous 1968; Nestel 1974). 
Cassava Roots: Nutritive Value 
The detailed chemical composition of cas-
sava has been reported, but results vary con-
siderably with variety and age of cassava as 
well as with processing technology (Oyenuga 
1955; Johnson and Raymond 1965; Oke 1968; 
Mesa et al. 1970; Hutagalung 1972; Milller et 
al. -1972). Cassava root is generally high in car-
lSupported by· a grant from the International 
Development Research Centre, Ottawa, Canada. 
2Department of Animal Science, Faculty of 
Agriculture, Khon Kaen University, Khon Kaen, 
Thailand. 
BPresent Address: Asia Research Pte. Ltd., P.O. 
Box 91, Alexandra, Singapore 3. 
bohydrate and thus ought to be an excellent 
source of energy for swine. Its carbohydrate 
contains about 3.2-4.5% crude fibre (CF) and 
95-97% nitrogen free extract (NFE) (Huta-
galung et al. 1973; Milller et al. 1975). The 
tuber NFE contains 80% starch and 20% sugar 
and amides (Vogt 1966). According to John-
son and Raymond (1965), cassava starch is 
about 20% amylose and 70% amylopectin. 
Miiller et al. (1975) reported that cassava root 
meal had about one-third the amylolytic ac-
tivity of maize and that it was highly digestible, 
yielding digestible energy for pigs of 4000 
kcal/kg of dry root meal as compared with 
4055 kcal/kg of maize. Similar observations 
for digestibility and caloric value compared 
with maize and other cereals have been re-
ported (Yoshida et al. 1966; CIAT 1972; 
Maust et al. 1972b; Tillon and Serres 1973). 
The . fat, mineral, and vitamin content of 
cassava root is low and nutritionally insignifi-
cant (Seerly 1972). The protein content of the 
root is also low making the economic utiliza-
tion of cassava in swine rations heavily de-
pendent on the price and nutritive value of 
other .Protein sources. Cassava root protein is 
of reasonable quality as far as the proportion 
of essential amino acids as a percentage of 
total nitrogen is concerned (Close et al. 1953; 
Milller et al. 1972, 1975; Hutagalung et al. 
1973; Maner 1973). It is generally agreed that 
methionine, cysteine, and cystine are limiting 
amino acids in cassava. Detailed studies at 
CIAT (1972, 1973) have indicated that only 
60% of the total nitrogen in the root is derived 
from amino acids, and that about 1 % is in the 
form of nitrates, nitrites, and hydrocyanic acid. 
The additional 30-40% of total nitrogen was 
unidentified. According to these CIAT reports, 
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about 50% of the total nitrogen is true protein; 
the rest being amino acid nitrogen in the form 
of free aspartic and glutamic acids (Maner 
1973). In contrast, Oyenuga (1955) reported 
that 62% of the total nitrogen in cassava roots 
was true protein. Biological studies with rats 
and pigs at CIAT (1972, 1973) strongly sup-
ported the lower value, as the crude protein 
was found to be 40% digestible by pigs and 
50% utilizable by rats. However, as the cassava 
protein represents a minute proportion of rat 
and pig rations, a more important point is that 
the supplementation of methionine signifi-
cantly improves the performance of rats and 
pigs (CIAT 1972). Subsequent studies have 
repeatedly demonstrated this improvement in 
performance. They suggest that the amino 
acid corrects the methionine deficiency per se 
and donates sulfhydryl (-SH) groups for the 
detoxication of hydrocyanic acid (Maner and 
Gomez 1973; CIAT 1975). 
The greatest limitation to the use of cassava 
for livestock feeds is its content of cyano-
genetic glucosides, Iinamarin, and lotaustralin. 
Toxicity of cassava is caused by hydrocyanic 
acid (HCN), which is liberated when the glu-
coside is hydrolyzed by the action of the Iina-
marase enzyme within the plant. The degree 
of toxicity depends upon the variety, the eco-
logical conditions for growth of the plant, the 
form of the product being fed, and its process-
ing technology (Coursey 1973). The normal 
range of HCN content in fresh cassava root is 
15-400 ppm (Rogers 1963). Several methods 
of processing reduce HCN toxicity. Shredding 
and sun drying of cassava seems to be a prac-
tical and effective way to reduce both HCN 
and glucoside levels (Maner 1973). Cyanide 
toxicity, which is caused by the prolonged 
consumption of cassava or by experimental 
cyanide administration, is known to be asso-
ciated with human ataxic neuropathy (Osun-
tokun 1973), goitre, and cretinism in rats 
(Ekpechi 1973; Ermans et al. 1973). Maner 
(1973) and CIAT (1973, 1974) demonstrated 
that pigs voluntarily consume less feed based 
on bitter cassava compared with sweet cassava 
regardless of the form of the cassava, fresh 
(150-250 ppm HCN on a fresh basis) or dried 
(102 ppm HCN on a dry matter basis), or 
whether it is free-choice with a protein supple-
ment, or in a mixed ration. The average daily 
gain of pigs on bitter cassava groups was lower 
when compared with those on sweet varieties. 
The efficiency of feed conversion of these pigs 
was variable due to variation in the amount of 
protein supplement consumed. In subsequent 
studies, both in the short and long term, they 
demonstrated that the urinary excretion of 
the HCN detoxication product, namely thio-
cyanate (SCN-), was accordingly increased 
with the HCN content of cassava fed (CIAT 
1973, 1974). In addition, supplementation 
with methionine improved the growth per-
formance of the pigs and increased the level 
of urinary SCN- excretion. Supplementing 
iodine in the absence of methionine caused an 
increase in plasma SCN-, but supplementation 
in the presence of methionine decreased it. 
Sihombing et al. (1971) indicated that pigs 
fed a corn-soybean meal diet supplemented 
with 0.5% potassium thiocyanate showed an 
increase in thyroid weight and a decrease in 
protein-bound iodine; however, the iodine up-
take of the thyroid gland of these pigs was 
higher than the controls and thus gave no clear 
indication of goitre. With gestating and lactat-
ing swine, workers at CIA T demonstrated that 
as high as 500 ppm HCN in the diet had no 
adverse effect on fetus viability or subsequent 
performance of sow and litter (CIAT 1975). 
They concluded that HCN at the level present 
in cassava had little effect on health if fed in 
diets adequate in protein and iodine. As well, 
the growth depression that may occur with 
high cassava-based diet is caused by palatabil-
ity factors and nonlethal toxicity of HCN; it 
is necessary to include dietary sulfur to permit 
cyanide detoxication. 
As for nutritive value, cassava is a good 
substitute for cereals in swine rations provided 
the ration is compounded with caution. Diges-
tibility of cassava-based diets for swine is re-
ported to be equiviilent to or even better than 
cereal-based diets (Zausch et al. 1968; Chicco 
et al. 1972). Aumaitre (1969, 1972) demon-
strated that cassava improved organic matter 
digestibility compared with wheat- and barley-
based diets by 4-5 % and that there was de-
creased diarrhea in pigs on the cassava-based 
diet. However, Henry (1971) observed lower 
digestible protein (81 vs. 86%) and energy (87 
vs. 89%) in cassava-based diets compared 
with maize-based diets for growing-finishing 
pigs. These values indicate a relatively high 
digestibility. Maust et al. (1972a) reported 
lower values for digestible nutrients in pigs fed 
cassava-based diets containing 29% rice bran, 
15.3% CP, and 7.8% CF than those fed maize 
diets (16.8% CP and 3.1 % CF). The protein 
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quality of cassava-based diets is usually better 
than cereal-based diets because the cereal pro-
tein must be replaced by other proteinaceous 
foodstuffs having a higher biological value. To 
get an equivalent protein to that present in 
maize, Miiller et al. (1975) mixed cassava with 
soybean meal in the proportion 85 to 15%. 
This mixture has nearly an equivalent amount 
of methionine and about twice as much lysine 
and tryptophan as maize; thus the biological 
value of the protein in the final cassava-based 
ration should be higher than in cereal-based 
diets. The actual biological value of the crude 
protein in cassava-based diets for pigs may be 
higher than expected. Therefore, it is possible 
that we are over-feeding protein to experi-
mental pigs on cassava-based diets. It is note-
worthy that in all nine experiments conducted 
by Miiller et al. (1972) the cassava-fed pigs 
performed as well as or, in some cases, even 
better than those on the maize-based rations 
regardless of the lower crude protein content 
of the cassava-based diets. In addition, the 
most economic weight gain of pigs fed fresh 
cassava with protein supplement was at the 
lowest crude protein level (20%), when com-
pared with those containing 30 and 40% pro-
tein supplement (CIAT 1974). However, when 
compounding rations .using cassava meal at 
higher levels, one must be very careful to bal-
ance other nutrients such as vitamins, mineral, 
and fat. These nutrients are present in very 
minute amounts in cassava roots, and Miiller 
et al. (1975) have cautioned that crude fibre 
and ash content should be strictly limited in 
cassava-based diets. Excessive crude fibre in 
feed for monogastric animals interfers with 
the utilization of phosphorus and zinc. Maust 
et al. (1969) and Hutagalung et al. (1973) ob-
served that pigs developed parakeratosis-like 
symptoms after being fed cassava-based ration 
for 4 weeks, whereas those on maize rations 
did not. Zinc levels in these diets were equiva-
lent and adequate for the normal requirements 
of pigs at this age. The disorders were rapidly 
eliminated by a onefold increase in supple-
mented zinc (Maust et al. 1972a; Hutagalung 
et al. 1973). Maust et al. (1972a) suggested 
that the zinc deficiency was partially caused 
by crude fibre and possibly by some additional 
factor(s) in the cassava-based diet. Crude fibre 
also causes swine rations to become bulky and 
dusty (Maner et al. 1969), decreasing feed 
consumption and inducing irritation of the 
eyes and respiratory organs (Miiller et al. 
1975). Miiller et al. (1975) strongly recom-
mended the pelletization of swine feed to elimi-
nate dustiness and ensure optimum feed intake. 
They also suggested that pelletization would 
improve the digestibility of the starch and 
crude fibre in the diet. Mercier and Guilbot 
(1974) demonstrated, by in vitro digestion of 
maize, that the steam and pressure applied dur-
ing the pelleting process caused a sevenfold 
increase in starch digestibility. Similarly, cas-
sava starch and crude fibre may be affected in 
the same way during pelletization; however, 
clarification is required. Ash content has re-
ceived little attention; Miiller et al. (1972) 
noted that excessive ash as well .as crude fibre 
decreased the digestibility of the ration as a 
whole and limited the choice of other feed in-
gredients that contained high levels of these 
nutrients. They suggested the maximum levels 
of cassava meal of various nutritive profiles 
that could be incorporated into swine rations 
(Table 1). Although the values presented in 
the table are somewhat arbitrary, the range is 
of practical importance to users of cassava 
root products. Chemical analysis in our labora-
tory of some 200 samples of Thai cassava root 
pellets, the form of over 75% of the cassava 
products on the world market, revealed that 
the average crude fibre content was 3.62% and 
ash was 4.81 % . This product belongs to the 
third grade and should be used at considerably 
lower levels than the first grade. This is due to 
the high degree of contamination by soil and 
other foreign materials in Thai cassava, which 
is not present in the products being used for 
feeding frials at CIAT (Maner and associates) 
and in Malaysia (Hutagalung and associates). 
The majority of these trials use self-prepared 
products and their nutritive value is suspected 
to be relatively high. The significance of these 
two nutrients in cassava-based rations for 
swine and other livestock is being evaluated. 
Cassava Leaves: Nutritive Value 
Cassava leaves may offer a new perspective 
for livestock and poultry development. The 
annual yield of foliage is as high as 20 tonnes/ 
ha (Obregon and Juarez 1955), and the dried 
product is a good source of protein, fibre, 
minerals, and vitamins. It contains approxi-
mately 25.8-27.3% crude protein, 7.6-10.5% 
fat, 5.7-8.8% ash, 4.8-7.9% crude fibre, and 
50.1-51.9% NFE on a dry matter basis. The 
HCN content of fresh leaves ranges from 46 
to 56.5 ppm or 190 to 250 ppm on a dry basis. 
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Content of critical ingredient 
Crude fibre(%) <2.8 
Ash(%) <2.2 
DE for pig (Meal/kg) <3.68 
Crude fibre(%) <3.5 
Ash(%) <2.5 
DE for pig (Meal/kg) <3.52 
Crude fibre (%) <5.0 
Ash(%) <5.0 
DE for pig (Meal/kg) <3.25 
Crude fibre <5.0 
Ash(%) <5.0 
DE for pig (Meal/kg) <2.77 
Apparently leaf meal is nearly equivalent to 
alfalfa meal in feed value. In addition, the 
essential amino acid pattern compares favour-
ably with that of soybean meal. The lysine con-
tent is considerably higher (6.33-7.20% of 
CP) but methionine (l.65-1.71 % of CP) and· 
possibly tryptophan (1.47-2.07% of CP) are 
deficient (Rogers and Milners 1963). Van Veen 
(1938) reported that approximately 75% of 
the cassava leaf crude protein was true pro-
tein. More recently, Eggum (1970) demon-
strated that the digestibility of the leaf protein 
by rats was 70-80% and that the biological 
value of the protein was 44-57%. Methionine 
deficiency and availability seem to cause the 
low biological value of the protein. He indi-
cated that only 50% of the methionine was 
available to the rats and that adding methi-
onine to the diet significantly improved the 
biological value of the leaf protein (80%). 
Ross and Enriquez (1969) observed a propor-
tional growth depression in chicks and quail 
fed diets containing 0, 3, 5, 10, 15, or 20% 
cassava leaf meal. However, when they added 
sodium thiosulfate, methionine, molasses, and/ 
or vegetable oil to rations containing 15 or 
20% leaf meal, growth and feed conversion 
were significantly improved. Similar improve-
ments in performance were observed when 
workers at CIAT supplemented methionine 
and maize oil in leaf-meal diets for rats. With 
respect to the feeding of cassava meal to pigs, 
there has been a rather limited amount of 
work done. Mahendranathan (1971) fed fresh 
Maximum levels of cassava root meal in 
swine rations (%) 
Pig starter Pig grower Pig finisher 
40 60 75 
20 40 60 
5 30 45 
0 20 40 
cassava leaves, containing 250-300 ppm HCN 
(dry basis) , to pigs from 8 to 34 weeks of age. 
He reported that his pigs consumed 1.4-2.3 kg 
of fresh cassava leaves daily and that there 
were no clinical symptoms of HCN poisoning. 
Also, pigs receiving 75% normal levels of basal 
feed with ad libitum intake of cassava leaves 
gained as well as those receiving 100% levels, 
and both groups were significantly superior to 
a third group that received a 50% leaf basal 
diet. The efficiency of feed conversion was, 
however, decreased with decreasing basal feed 
allowance. The pigs on a 50% basal diet gain 
most economically. In a short-term study, Lee 
and Hutagalung (1972) fed piglets, averaging 
13.6 kg body weight, diets containing 0, 10, or 
20% cassava leaf meal for 4 weeks. They 
demonstrated that as the leaf meal content 
of the diets increased, feed intake, daily gain, 
and feed efficiency were significantly decreased. 
Supplementation of methionine at a level of 
0.20% to the 20% treatment significantly im-
proved performance; whereas, 0.15% thiosul-
fate supplementation did not. In their subse-
quent 6-week experiment with a larger pig 
(30.9 kg), they demonstrated that supplemen-
tation of palm oil, molasses, and methionine 
to a 20% cassava leaf meal diet significantly 
improved performance compared with those 
supplemented with molasses or pa!m oil alone 
or palm oil with methionine. However, pigs on 
the basal diet performed significantly better 
than the rest. There were no clinical symptoms 
of HCN toxicity in these trials. 
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Cassava Silage: Nutritive Value 
Cassava silage has not been widely used as 
an energy source for monogastric animals. 
For swine feeding, Castillo et al. (1963) com-
pared growth performance of finishing swine 
being fed sweet potato silage and cassava silage 
with 27.3% protein supplement with those fed 
16.9% corn-soybean meal diets. These silages 
were used as the total energy source in each 
diet, at a level of 40% of the rations. They 
demonstrated that the weight gain of the pigs 
on corn-soybean meal diet was 0.41 kg, which 
did not significantly differ from that of pigs 
on cassava silage (0.46 kg) and sweet potato 
silage diets (0.48 kg). The pigs being fed cas-
sava silage gained most efficiently. They con-
cluded that maize could be entirely replaced 
by either cassava or sweet potato silage at a 
level as high as 60% of the ration. Periodic 
analysis of cassava silage showed some nutrient 
loss in the runoff solution. Again, it is note-
worthy that the pigs on silage diets were over-
fed protein with the protein supplement. With 
optimum protein intake, the silage-fed pigs 
still might not be able to overgrow those on 
corn-soybean meal.diet. More recently, Tillon 
and Serres (1973) determined the digestibility 
of cassava silage in swine and indicated .that 
the digestibility of starch was relatively high 
regardless of the form being fed - fresh, dry, 
boiled, or silage. The use of silage somewhat 
reduced the digestibility of minerals. At CIAT, 
Maner (1973) compared growth performance 
of growing-finishing pigs fed fresh cassava root, 
root silage, or whole cassava (root + stalk + 
leaf) silage plus a protein supplement based on 
cottonseed meal. He demonstrated that the 
root silage supported equivalent gain, feed 
consumption, and feed per gain compared with 
those produced by fresh cassava root. Pigs on 
the whole cassava silage, however, did not con-
sume as much or gain as fast as those in the 
other two groups. The efficiency of feed con-
version of pigs in all treatments was not statis-
tically different. He pointed out that the inclu-
sion of stalks in the silage reduced its accept-
ability to pigs. In a subsequent study (CIAT 
1974), ensiled cassava root, mixed or fed free 
choice with a protein supplement, supported 
growth performance of pigs comparable to 
that of pigs fed diets based on maize or fresh 
root with the protein supplement. When lac-
tating sows were fed free choice ensiled cassava 
plus a 40% protein supplement during a 35-
day lactating period, there were no significant 
differences in sow weight gain, litter size, or 
litter weight at weaning when compared with 
those from sows being fed a maize-soybean 
meal diet or maize plus a 30% protein supple-
ment. In fact, litter weight at weaning tended 
to be higher with the cassava silage than with 
the other two groups (CIAT 1974). Based on 
available evidence, ensiling seems to be a 
promising way to utilize cassava in pig rations. 
Attention should be paid to preventing nutrient 
loss and, if possible, during the ensiling process 
one should take advantage of the possibility of 
enriching the protein content of the product. 
However, although attempts to raise the pro-
tein content in silage by microbial action have 
been made, they have not yet been successful 
(Sprung 1974). 
Protein-Enriched Cassava 
Because of the low protein content of cas-
sava, several investigators have attempted to 
enrich its protein content by microbial fer-
mentation. Gray and Abou-El-Seoud (1966) 
indicated that it was possible to increase the 
protein content of cassava by a factor of 6-8 
by fungal fermentation. Subsequently, Stanton 
and Walbridge (1969) fermented cassava flour 
with Rhizopus fungi and were able to raise the 
protein content from 0.2 to 4%. More recently, 
Reade and Gregory (1975) reported a promis-
ing technique for the production of microbial 
protein by fermentation of liquid cassava sub-
strate with high-temperature fungi (Aspergil-
lus sp.). With this technique they were able to 
produce biomass containing 36.9% crude pro-
tein (made up of 27.1 % amino acid protein). 
Pilot plant testing and biological evaluation of 
the product for pig feeding are being con-
ducted at CIAT. At the University of Malaya, 
protein enrichment by fermentation of solid 
cassava substrate with Rhizopus fungi is being 
developed. A fermented product with 8-10.5% 
protein is achieved and techniques for further 
improvement have been attempted (Varghese 
and Wong 1976). Evaluation of the fermented 
product using pigs and poultry is being con-
ducted and initial results with pigs are rather 
optimistic ( Hutagalung and Tan 197 6) . 
Cassava Roots: Feeding Trials 
Cassava roots have been used for feeding 
swine since the early 1900s, from which time 
attempts made by several workers to evaluate 
their nutritive value and physiological effects 
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Table 2. Summary of effect of replacement of cassava-soybean meal for cereals on pig performance. 
Trial 1.1 
Treatments (avg. % cassava) 
Ti T2 T3 T4 T5 
(0%) (17%) (33%) (49%) (65%) c.v. (%) 
Average daily gain (kg) 0.576 0.585 0.532 0.458 0.453 8 .143•4 
Daily feed consumption (kg) 1.98 2.01 1.95 1.87 1.84 9.58 
Feed/gain 3.42 3.39 3.66 4.09 3.97 6.95 3•4 
Feed cost/kg weight gain (Bht)2 13.99 13.60 15.96 17.09 17.32 6.963•4 
1 Each figure represents average of 18 pigs on 118-day feeding trial. 
•Can. $1.0 = Bht. 20.0. 
'p < 0.01. 
4 Linear p < 0.01. 
on pigs have been continuously reported. The 
modern view of cassava in swine nutrition 
originated with the report of Oyenuga and 
Opeke in 1957 (Nestel 1974). Comprehensive 
reviews have been done by several investigators 
(Seerly 1972; and Maner 1973). With respect 
to the evaluation of the effect of cassava root 
products on the growth performance and car-
cass of growing-finishing pigs, three experi-
ments were done during 1975-76. The purpose 
was to evaluate the feeding value of Thai cas-
sava root products, which were known to be 
low in quality and high in adulterations, and 
subsequently to establish the maximum eco-
nomic level of incorporating cassava products 
of each quality into growing-finishing diets. 
Finally, a general pattern of fortification to 
enable maximum utilization of each quality 
product was to be worked out. 
In the first trial, 90 pigs averaging 24.53 kg 
body weight were used in a randomized com-
plete block experiment. There were five treat-
ments and six replications. Three pigs in each 
pen were fed mash diets containing cassava 
levels of 0, 17, 33, 49, and 65% until they 
reached an average body weight of 95 kg. The 
energy sources of the 0% control diet were 
rice bran, broken rice, and maize. The levels 
of crude protein were 18, 14, and 13% for 
25-35, 35-60, and 60-95 kg body weight, re-
spectively. The results are summarized in 
Table 2. 
As the cassava content of the diet increased 
from 0 to 65% pigs grew at progressively 
slower rates and required more feed per kilo-
gram gain. The cost of feed per kilogram gain 
followed a similar pattern. Daily feed consump-
tion, although it did not significantly differ 
among treatments, tended to decrease with an 
increase of dietary cassava. Physical examina-
tion of the high cassava-based diets in this ex-
periment indicated that they were light, fluffy, 
and dusty, which may be a major cause of the 
reduced feed intake of pigs in treatments 4 and 
5. The effect of physical properties of the diet 
on feed consumption of pigs was demonstrated 
by Henry (1971) and Miiller et al. (1972) who 
indicated that mash cassava-based diets were 
disliked by pigs and that the powdered starch, 
which is present at a higher level in mash 
diets, produced ulcerogenic effects upon the 
gastric mucosa and probably induced a lower 
digestibility and efficiency of feed conversion. 
The HCN content of the cassava used was sus-
pected to be low, and the exact value was not 
determined. This is because the cassava used 
was sun dried and much of the HCN should 
have been eliminated (Maner 1973). Methi-
onine was supplemented at 0.1 % to all diets in 
this experiment, and in addition, soybean meal 
was used for protein balance. Fish meal, which 
was used as a source of protein, was held con-
stant for all .treatments (average of three 
growth periods 6. 7 % ) . As far as the normal 
methionine requirement, the calculated level 
was not deficient; however, with high cassava 
content in the feed it would be inadequate. 
The adequate level of supplemented methi-
onine in cassava diets was demonstrated by 
Maner and Gomez (1973) to be at least 0.2 % . 
In two subsequent trials, cassava root pellets 
of moderate quality (3.5% CF, 3.2% ash, and 
76.7% NFE) were substituted for maize or a 
cereal mixture (maize + rice polishing + 
broken rice) in the growing and finishing pig 
rations. The cereal-based diets were fed as a 
mash, whereas those based on cassava were in 
pellet form. The substitutional patterns of cas-
sava for cereals and the specific weight of each 
diet are given in Table 3. 
62 CASSAVA AS ANIMAL FEED 
Table 3. Substitutional patterns of cassava for cereals and the specific weight of the experimental diets.1 
Trial 2 Trial 3 
Treatment No: 2 3 1 2 3 
(maize) (cereals) 
Subst. level/live weight(%) 
17-35 kg 0 30 602 0 30 50 
35-60kg 0 40 70 0 38 68 
60-lOOkg 0 60 70 0 60 70 
Specific weight of diets 
17-35 kg 0.641 0.661 0.615 0.603 0.655 0.621 
35-60kg 0.604 0.622 0.631 0.625 0.640 0.666 
60-lOOkg 0.619 0.627 0.601 0.692 0.597 0.629 
1 All diets, except trial 2, treatment 3, 17-35 kg, were isonitrogeneous and isocaloric within trial and live weight range. 
'Lower protein (18.4 vs. 21.0) and digestible energy (3.25 vs. 3.50 Meal /kg) than the rest within trial and live weight range. 
Table 4. Summarized effects of cassava feeding on growth performance of growing-finishing pigs. 
Trial 2 Trial 3 
T1 T2 T3 c.v. (%) Ti T. T3 c.v. (%) 
Average daily 
gain (kg) 0.4361 0.4982 0.4641,2 5.86 0.516 0.524 0.509 8.43 
Daily feed 
1.46 consumption (kg) 1.52 1.46 4.68 1.78 1.89 1.78 10.00 
Feed/gain 3.21 3 .13 3.15 6.72 3.46 3.64 3.51 4.07 
Feed cost/kg 
gain (Bht) 10.21 10.06 9.69 5.00 ll.76 12.01 11.25 4.04 
1,2Means bearing different superscripts differ significantly (p < 0.05). 
Table 5. Summarized effects of cassava feeding on carcass characteristics of market pigs. 
Trial 2 Trial 3 
T1 T2 T3 c.v. (%) T1 T2 Ta c.v. (%) 
Dressing(%) 70.74 73.46 73.91 4.28 73.201 73.401 71.102 0.73 
Carcass length 
(cm) 84.791 83.692 80.702 3.20 80.77 80.87 81.53 2.65 
Back fat thickness 
(cm) 2.62 2.82 3.12 15.64 3.071 2.692 2.901,2 7.49 
Iodine number of 
leaf fat 52.851 50.301•2 44.302 11.12 52.07 51.53 50.33 7.99 
Stomach wt. (kg) 0.57 0.59 0.53 13.12 1.14 1.09 1.10 11.82 
Liver wt. (kg) 2.391 1.851•2 l.8l2 18.45 3.24 3.37 3.49 9.81 
Loin eye area 
(cm2)3 30.451 26.45 2 30.071 7.85 30.45 28.90 29.81 11.79 
1 ,2The means within same row and trial bearing different superscripts differ significantly (p < 0.05). 
'Measurement made between the 11th and 12th ribs. 
In each trial, 45 pigs were penned in groups 
of three and each treatment had five replica-
tions. All experimental diets were offered ad 
l.ibitum. Pigs were fed the diets until they 
reached an average live weight within the 
group of 96-105 kg; one of the three was then 
slaughtered for carcass evaluation and analysis 
of selected tissues. The results for growth per-
formance and carcass quality are given in 
Tables 4 and 5. All data were subjected to 
analysis of variance and Duncan's new mul-
tiple range test (Steel and Torrie 1960). 
KHAJARERN ET AL.: NUTRITION OF SWINE 63 
Although the average daily gain of the pigs 
was somewhat lower than the optimum desir-
able level, the treatment comparison demon-
strated that cassava root meal could be as good 
an energy source for pigs as conventional 
cereals. All pigs in the cassava-fed groups grew 
as fast, consumed as much, and gained as effi-
ciently as those on the cereal-based diets. 
Carcass characteristics were somewhat vari-
able: the iodine number of the leaf (abdominal) 
fat, the stomach weight, and the loin eye area 
were confirmative between trials, but others 
such as dressing percentage, carcass length, 
backfat thickness, .and liver weight did not 
agree well. Proximate analysis of the liver and 
longissimus dorsi muscle demonstrated that 
there were no treatment differences in their 
composition. 
Discussion 
The growth performance of pigs in these 
trials indicates that cassava root products of 
moderate quality can be successfully incor-
porated into growing-finishing pig diets at as 
high levels as 50% for 17-35 kg pigs and 68-
70% for those of heavier weight. However, it 
should be noted that the diet must be carefully 
formulated to balance it for vitamins, min-
erals, and limiting amino acids. Also, special 
care must be taken as to the form of the diet, 
especially when the cassava is of a lower qual-
ity (higher CF and ash thus lower digestibility). 
Diets must be fed in the form promoting opti-
mum feed intake to ensure an adequate supply 
of digestible nutrients. These points were 
demonstrated by the equivalence of the daily 
consumption of pelletized cassava-based diets 
to the control diets in Trials 2 and 3, which 
eliminated the poorer growth performance 
that was shown in Trial 1. This substantiates 
the statements of Miiller et al. (1972, 1975) 
and of Henry (1971). However, comparable 
growth of pigs fed mash diets containing high 
levels of cassava and those fed cereal-based 
diets has been reported by several investigators 
(Mesa et al. 1970; Aumaitre 1969, 1972; Hew 
and Hutagalung 1976). This is possible be-
cause these workers used self-prepared, good 
quality cassava that was more digestible than 
that used in our study. In fact, the digestible 
energy levels in the diets of Hew and Hutaga~ 
lung (1976) ranged from 3.5 Meal/kg for the 
maize control to 3.6 Meal/kg for the 60% 
cassava diets; whereas, our diets contained 3.5 
Meal/kg (fat supplemented) for 17-35 kg pigs 
and 3.3 Meal/kg for heavier pigs. At a higher 
level (73.8%) of cassava meal in the diets, 
CIAT (1975) stated that there might be a 
slight depression in growth performance due 
to palatability factors and sublethal HCN 
toxicity. 
The cause of the suboptimum weight gain of 
pigs in these trials was not readily apparent. It 
was suspected to be caused by the unavail-
ability of some nutrients, especially zinc, be-
cause low-grade rice bran was added to the 
control diets for pigs beyond 35 kg live weight 
in order to equalize the DE levels. Maust et al. 
(1969, 1972b) observed depressed Zn avail-
ability in diets containing 29% rice bran. Pro-
tein quality is another possible cause. Miiller 
et al. (1972) and Hew and Hutagalung (1976) 
obtained good growth of their pigs when they 
were fed higher levels of fish meal than used 
in our diets. The lower fish meal level in our 
studies might only bring the dietary supply of 
vitamin B12 to a suboptimal level causing 
poorer performance of all pigs. In addition, the 
low level of supplemented methionine (0.1 % 
in Trials 1 and 2) might contribute to the poor 
performance, as caused by lower than expected 
protein quality. Low levels of methionine and 
vitamin B12 would further suppress the per-
formance of cassava-fed pigs because both 
nutrients have active roles in cyanide detoxi-
cation, in addition to normal requirements 
(Maner and Gomez 1973). Cassava-fed pigs in 
Trials 2 and 3 performed as well as those in the 
control treatment. This should not cause fur-
ther confusion, but should lead to new pros-
pects. The mixture of 15% soybean meal with 
85% cassava meal has about twice as much 
lysine and tryptophan as maize. If adequate 
amounts of methionine and B12 are supplied, 
even at the suboptimum level of dietary crude 
protein, what should the performance of a 
pig be? Miiller et al. (1972) demonstrated that 
pigs on cassava-soybean meal diets containing 
lower crude protein than control diets grew as 
fast and as efficiently as control pigs. Similar 
results were demonstrated by the pigs in Treat-
ment 3 of Trial 2, which were on a diet con-
taining 2.5% CP and 270 Kcal DE/kg less 
than the other groups. 
Variations in carcass characteristics are par-
tially due to biological variation. Only one pig 
per pen was slaughtered, thus the data ob-
tained are based on five pigs ·per treatment 
instead of 15 pigs. However, there were no 
detrimental effects on carcass quality due to 
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cassava consumption. The decreased dressing 
percentage of pigs in Treatment 3 of Trial 3 
is inconsistent with the thicker backfat, as 
compared with Treatment 2. The shorter car-
cass of cassava-fed pigs in Trial 2 might be 
affected by biological variation because it was 
not confirmed in Trial 3. Several workers have 
demonstrated that levels of cassava in pig 
rations do not have a significant influence on 
carcass quality (Chicco et al. 1972; Miiller et 
al. 1972; Hew and Hutagalung 1976), except 
for a firmer carcass and harder fat (Zoby et al. 
1971; Hew and Hutagalung 1976). The iodine 
number of the leaf fat in our studies agreed 
with values obtained by these other workers. 
There were no clinical symptoms of cyanide 
toxicity in the pigs; however, with such a low 
level of methionine, subclinical toxicity may 
occur and, as indicated by Maner and Gomez 
(1973), could be detected by increased urinary 
thiocyanate excretion. The cyanide detoxi-
cation product was not analyzed in these 
studies. 
Several workers have demonstrated that pigs 
fed a cassava-based diet grow at a slower rate 
and less efficiently than those in a cereal con-
trol group (Velloso et al. 1967; Hew and Huta-
galung 1976; Kitpanit 1975). However, increas-
ing evidence suggests that cassava-based diets, 
once properly prepared and fed in the proper 
form, could be totally substituted for cereals 
in swine rations without detrimental effects on 
either growth performance or carcass quality. 
This has been confirmed in the present studies 
with an even lower quality · product. The 
growing-finishing pigs on cassava-based diets 
performed as well as those on cereal diets 
although the crude protein content of the 
former was at a suboptimum level. 
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Life-Cycle Swine Feeding Systems with Cassava 
Guillermo G. G6mez1 
Sweet cassava roots are an excellent source of energy for swine feeding if properly 
supplemented with protein, vitamins, and minerals. Fresh bitter cassava roots because 
of their high linamarin content are not readily consumed by pigs. Chopped fresh cassava can 
be fed to pigs throughout their life cycle, separately or mixed with a protein supplement. 
A tendency to overconsume the protein supplement and therefore to waste the excess 
protein was observed in all experiments where fresh cassava and supplement were fed ad 
libitum and separately. 
A life-cycle swine feeding program based on the use of high levels of cassava meal 
(60-70%) was tested at CIAT and compared with a conventional common maize feeding 
program. Soybean meal was the protein source used for all diets. Gilts in the cassava 
meal feeding program grew more slowly quring pregestation and gestation, as coil1pared 
with the gilts in the control program. However, gilts fed the cassava diets gained weight 
during lactation; whereas, the gilts from the maize feeding program lost weight during 
the same period. - · 
Litter performance at weaning was significantly inferior for the gilts fed the cassava 
meal diets, and since feed consumption was similar for both experimental groups, the 
amount of diet required to produce a weaned pig in the cassava feeding program was 
significantly higher than in the common maize feeding program. Recent experimental 
information suggests that methionine supplementation is not the factor responsible for the 
lower reproductive performance obtained in the cassava meal feeding program. 
Although most cassava roots are presently 
used as human food, the prospects for using 
cassava as an animal feed have been stimulated 
by the agric4ltural policy changes of the Euro~ 
pean Economic Community (EEC), which 
made the replacement of high-priced cereals in 
composite feeds by alternative energy feed-
stuffs, such as cassava, feasible (Coursey and 
Halliday 1974; Phillips 1974). · 
As a result of active research on genetic se-
lection and the development of more efficient 
cultivation methods and production practices, 
the improvement of cassava yields can be ob-
tained under practical field conditions (CIA.T 
1975, 1976). Alternative uses of cassava for the 
industrial starch and animal feed markets thus 
become econoinically feasible. 
Extensive experimental evidence has been 
obtained on the use of cassava roots as an ani-
mal feed, and least-cost feed rations with vary-
ing prices of cassava and other feed ingredients 
have been estimated for different animal 
species by. several EEC importers of cassav& 
(Phillips 1974). Most of the experimental data 
on swine feeding have been obtained with 
growing-finishing pigs, from weaning to 
marketing weights, but limited information is 
available on the reproductive periods and life-
cycle swine feeding systems. This paper reviews 
lCentro Internacional de Agricultura Tropical 
(CIAT), Apartado Aereo 67-13, Cali, Colombia. 
experimental information regarding the use of 
cassava roots, . especially in the form of fresh 
cassava and c11ssava meal or flour, throughout 
the life cycle of the pigs. . 
Effect of Cyanogenic Glucosides 
Cassava var~eties are normally classified as 
sweet or bitter according to their cyanide con-
tent. Most of the hydrocyanic acid (HCN) or 
cyanide (CN) is found in the form of a cyano-
genic glucoside kqpwn as linamarin. The-con-
centration of Iinamarin, as evidenced by the 
cyanide Iibefated, is substantially higher in 
the peel of the roots than in the pulp (de 
Bruijn 197~; Wpod 1965). Linamarin releases 
HCN on treatment with dilute acids; however, 
the release of HCN is due to the action of the 
enzyme linamarase, usually present in the tis-
sues (notably the peel) of the roots. Contact of 
the eqzyme with the substrate linamarin nor-
mally occurs when the cellular structure of the 
plant tissues i~ destroyed. 
Pigs do not readily consume fresh bitter cas-
sava roots, and therefore, their growth is re-
tarded. When a protein supplement was sup-
plie~ ad lipitum along with chopped, fresh 
bitter cassava roots, the pigs consumed an 
excess of the supplement to compensate for 
their limit~d consumption of bitter cassava 
roots. On the other hand, fresh sweet cassava 
roots are readily consumed by growing pigs 
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Table 1. Comparison of intake and performance of finishing pigs fed either sweet or bitter fresh 
cassava and a protein supplement (P.S.) free choice or controlled (Gomez et al. 1976), 
Avg. daily gain (kg) 
Daily intake cassava (kg) 
Daily protein intake (kg) 
Total feed intake (kg)' 
reed/gain 
Protein in diet(%) 
1 10% moisture. 
and their growth is acceptable, whether the 
cassava is separately or thoroughly mixed with 
a protein supplement (Table 1). 
Because of the physical contact of linama-
rase and linamarin when cassava roots are 
chopped to be dried, most of the HCN is re-
leased; thus meal prepared from bitter cassava 
roots has a relatively low HCN content (100-
150 ppm on a dry matter basis). A composite 
diet including high levels (approx. 73%) of 
bitter cassava meal (150--200 mg HCN/kg 
fresh cassava) was consumed slightly less (1.35 
kg/ day) by growing pigs than a diet based on 
similar levels of sweet cassava meal (1.77 kg/ 
day) (Gomez et al. 1976), but the difference in 
consumption was not as great as that observed 
with the fresh roots. These data suggest that 
drying the roots greatly reduces the problem of 
limited consumption of fresh bitter roots by 
the growing pigs. 
Limited information is available on the ef-
fect of cyanogenic glucosides present in bitter 
cassava varieties when fed during the repro-
ductive periods. Fresh sweet cassava plus a 
40% protein ·supplement containing 0, 250, 
and 500 ppm of added cyanide (as potassium 
cyanide) throughout the gestation period had 
no deleterious effect on the reproductive per-
formance of gestating gilts at farrowing; nor 
was any carry-over effect observed in the sub-
sequent lactation performance (Tewe 1975). 
During lactation all gilts were fed a control 
diet based on common maize and soybean 
meal. An enlargement of the thyroid glands 
was observed in fetuses at the end of gestation 
of gilts fed diets containing high cyanide levels 
(Tewe 1975); however, those gilts that re-
ceived high levels of cyanide. during the gesta-
tion period performed similarly at weaning 
time. Apparently the placental barrier plays a 
Sweet cassava + Bitter cassava + 
P.S. P.S. P.S. P.S. 
Ad. lib. controlled Ad. lib. controlled 
0.66 0.77 0.56 -0.08 
2.99 3.40 0.99 0.93 
0.81 0.82 1.21 0.22 
1.98 2.01 1.60 0.58 
2.99 2.61 2.86 Neg. 
14.1 13.3 23.5 13 .3 
significant role in protecting the growing 
fetuses from toxic effects. Experimental in-
formation (Ekpechi 1967, 1973; Ermans et al. 
1969; van der Velden et al. 1973) has been pub-
lished in which a goitrogenic character is at-
tributed to cassava, especially in areas where 
dietary iodine is limited. A working hypothesis 
has been proposed (Ermans et al. 1973) to 
explain the goitrogenic characteristic of cas-
sava, as a consequence of the increased thio-
cyanate concentration in the blood. Fortu-
nately, most of the cassava cultivars grown in 
Latin America are sweet, therefore no major 
problems are encountered in feeding fresh, 
ensiled, or dried cassava. 
Sweet Cassava Roots for Swine Feeding 
Fresh roots and meal are the forms in which 
cassava is most commonly used for swine feed-
ing. Ensiled roots are also acceptable to pigs, 
and could be a form of preservation in highly 
humid environments such as the lowland 
tropics. Information on the use of fresh cas-
sava in the different periods of the life cycle 
of the pig has been obtained through collabora-
tive research between the Centro Internacional 
de Agricultura Tropical (CIAT) and the Insti-
tuto Colombiano Agropecuario (ICA) in 
Colombia. 
Fresh cassava was fed ad libitum, either 
separately from the protein supplement or 
thoroughly mixed with it, and fed in quantities 
calculated to supply the minimal daily require-
ments of the growing pigs. The control diet 
was fed in automatic feeders, and all experi-
mental animals were kept .in confinement on 
cement-floored corrals. Body weight gain was 
similar for the animals fed the control diet 
(0.84 kg/ day) and those fed fresh cassava 
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Table 2. Performance of growing-finishing pigs' fed fresh sweet cassava and a 
20, 30, or 40% protein supplement (P.S.) free choice (Job 1975). 
Control 
Cassava+ 
diet 20%P.S. 30%P.S. 40%P.S. 
Daily gain (kg) 0.63 0.70 0.67 0.65 
Daily feed intake (kg) 
Fresh cassava 1.78 2.74 3.32 
Protein supplement 1.39 1.00 0.75 
Total feed intake2 2.08 2.08 2.07 2.04 
Feed/gain 3.30 2.97 3.09 3.14 
Protein in diet(%) 14.3 14.6 16.6 17.3 
'Mean of five individually fed pigs per treatment: avg. initial weight 21.1 kg; avg. final weight 
86.1 kg; 98-day trial. 
'Approximately 103 moisture content. 
roots and the protein supplement ad libitum 
(0.83 kg/day). The animals fed fresh cassava 
mixed with controlled quantities of the protein 
supplement, consumed less cassava and protein 
supplement; consequently, the average daily 
gain was lower (0. 79 kg/ day) than that of the 
other two experimental groups. On the other 
hand, the effect of restricting both cassava and 
the protein supplement according to the appe-
tite and needs of the animals resulted in a 
better feed efficiency for the cassava plus pro-
tein mixture (2.90 kg feed/kg body wt· com-
pared with 3.43 for the control diet and 3.36 
for the cassava plus the protein supplement). 
The amount of fresh cassava required per 
animal to reach marketing weight (95-100 kg) 
was approximately 390-400 kg of fresh 
chopped roots. The basic difference in feed 
intake was the amount of protein supplement 
saved when it was mixed with chopped fresh 
cassava; however, the extra labour required 
for mixing could reduce the advantages of this 
method. The consumption of fresh cassava by 
growing-finishing pigs varies according to the 
protein content of the supplement. The daily 
intake of cassava was greater when the protein 
supplement (fed free choice) supplied higher 
protein levels and the intake of the supple-
ment decreased. An overall tendency to over-
consume protein throughout the growing-
finishing periods was observed as the protein 
content of the supplement increased (Table 2). 
Fresh sweet cassava is readily consumed by 
gestating gilts or sows when an adequate sup-
plement provides a good source of protein, 
minerals, and vitamins. The results of an ex-
periment to evaluate the use of fresh cassava 
by gestating gilts are shown in Table 3. All 
gilts were fed a control diet (maize-soybean 
meal) throughout the lactation period. Gestat-
ing gilts fed fresh cassava and kept in confine-
ment gained more body weight during gestation 
than both those fed fresh cassava but kept on 
pasture lots, and those gilts fed the control 
diet. The number of baby pigs farrowed and 
weaned by the gilts fed cassava in confine-
ment was, however, less than that of the other 
two experimental groups. 
Lactating sows fed a diet based on fresh 
chopped cassava mixed with a 40% protein 
supplement consumed on the average 6.5 kg 
of fresh cassava and 1.2 kg of protein supple-
ment per day. The litter performance for the 
cassava-fed sows was inferior with respect to 
the number of weaned pigs (7.6/litter) to the 
control-fed sows (9.0/litter); the average 
weight of weaned pigs was higher (7.63 vs. 6.03 
kg) for the cassava-fed sows, but total litter 
weight was similar . for both experimental 
groups (54.3 kg for the control vs. 58.0 kg for 
the cassava-fed group). 
Results obtafoed during the different periods 
of the swine life cycle suggest that fresh cas-
sava roots are an excellent source of energy 
for growing-finishing pigs when properly sup-
plemented with protein, minerals, and vita-
mins. Handiirig of feeding programs based on 
fresh cassava is an important aspect to be con-
sidered. Self-feeding systems, based on the 
separated ad libitum consumption of fresh 
chopped cassava roots and protein supplement, 
lead to an excess intake of the supplement and 
result in a daily protein uptake significantly 
higher than the recommended level. A con-
trolled supply of chopped cassava mixed with 
a protein supplement restricts excess protein 
consumption to normal levels, but the addi-
tional labour must be taken into account. 
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Table 3. Performance of gestating sows fed diet based on fresh cassava and a 
protein supplement (P.S.) (40%). 
Control 
Fresh cassava+ P.S. 
diet' Pasture2 Confinement a 
No. bred 10 10 10 
No. farrowed 9 7 7 
Weight (kg) 
Breeding 165.8 163.6 152.8 
Farrowing 185.7 188.5 190.5 
Gestation wt. gain 19.9 24.9 37.7 
Lactation wt. gain 13.2 7.7 8.4 
Progeny at farrowing 
No. pigs/litter 10.4 10.0 7.7 
Litter wt. (kg) 13.3 11.2 9.1 
Individual wt. (kg) 1.28 1.12 1.18 
Progeny at weaning (35 days) 
No. pigs/litter 8.3 7 .3 6.9 
Individual wt. (kg) 6.94 6.05 6.49 
11 kg/sow /day. 
'1.7 kg fresh cassava+ 0.4 kg P.S. /sow /day. 
33. l kg fresh cassava + 0.62 kg P.S. /sow /day. 
During the reproductive periods of gestation 
and lactation, a controlled individual feeding 
system is the most advisable under all circum-
stances. Unfortunately there is no information 
available on the use of fresh cassava during the 
consecutive gestation and lactation periods. It 
is assumed that no major differences would be 
encountered if a feeding system was based on 
the continuous use of fresh cassava; however, 
more experimental information is needed, es-
pecially with regard to the lactation period. 
Life-Cycle Feeding Using Sweet 
Cassava Meal 
Because of the handling difficulties normally 
encountered when fresh cassava roots are used 
for swine feeding, the most convenient . and 
practical way to handle cassava is to dry the 
chopped fresh roots and grind them into a 
meal or flour, which can be easily incorporated 
and mixed into composite diets. Cassava meal 
is an excellent energy source of good nutritive 
value due to its highly digestible carbohydrates 
(70-75%), mainly starch, _but its protein con-
tent is extremely low, therefore it requires 
supplementary protein to balance the diet. In 
all experimental work at CIAT, cassava meal 
has been obtained from sweet cassava culti-
vars, mostly of the variety Llanera. The roots 
are chopped, sun dried on cement floors, and 
then ground into a meal. 
A life-cycle swine feeding program was out-
lined, in which the level of crude protein in the 
experimental diets followed the recommenda-
tions of the National Research Council (1973) 
(i.e. growing (20-50 kg) 16%; finishing (50-
90 kg) 13%; pregestation (90-120 kg) 13%; 
gestation 16%; lactation 16%; and baby pigs 
(starter feed, 10-56 days) 18% ). The feeding 
program was based on cassava meal and was 
simultaneously compared with a control feed-
ing program based on common maize. For both 
programs, soybean meal was used as the pro-
tein source to balance the experimental diets 
(Gomez et al. 1977). The experimental work 
studied the long-term effects of feeding high 
levels of cassava meal on the reproductive per-
formance of gilts. 
Experimental animals were grouped accord-
ing to their initial body weight and litter his-
tory into two groups of 16 weaned female pigs 
each. Selected gilts initiated the feeding pro-
gram, either on cassava meal or common 
maize, when they weighed approximately 20 
kg. They were fed the experimental diets 
throughout their growing (20-50 kg), finishing 
(50-90 kg), pregestation (90-120 kg), gesta-
tion, and lactation periods. Methionine was not 
added to any of the experimental diets (com-
position of the diets is given by Gomez et al. 
1977). Boars used to breed the experimental 
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Table 4. Experimental results of the gestation and 
lactation periods in life-cycle swine feeding program 
based on cassava meal or common maize. 
Common Cassava 
maize meal 
No. gilts farrowed IO 14 
Changes in gilt weight (kg) 
Weight at breeding 127.6 118.5 
Weight at 110 days gestation 175.6 156.0 
Total gestation gain 48.3 37.5 
Postfarrowing wt. 160.6 146.1 
Net gestation gain 33.1 27.6 
Weaning wt. 153 .9 159.6 
Change during lactation -6.7 +13.5 
Change during gestation-
lactation +26.3 +41.1 
Data at farrowing 
No. live-born pigs 10.0 8.4 
Avg. weight/pig (kg) 1.09 0.97 
Data at weaning (56 days) 
No. weaned pigs 9.4 6.6 
Avg. weight/pig (kg) 15.87 15.70 
Total litter wt. (kg) 145.4 103.6 
gilts were fed a standard common maize-
soybean meal diet. Experimental diets were 
supplied in automatic feeders during the grow-
ing, finishing, and lactation periods. Individual, 
daily controlled feeding was undertaken during 
the pregestation (2.0 kg/ diet/ gilt) and gesta-
tion (1.8 kg/ diet/ gilt) periods. In all phases or 
periods of the experiment, water was available 
to the animals at all times. 
Results obtained during the growing-
finishing periods were: average daily gain (kg) 
0.77 and 0.71; average daily feed intake (kg) 
2.38 and 2.30; and feed/ gain 3.09 and 3.24, for 
the maiz.e and cassava meal diets, respectively. 
The average daily gain obtained by the grow-
ing gilts fed the cassava meal-based diet was 
significantly lower (p < 0.05) than that of the 
gilts fed the control diet but similar to gains 
previously reported when fresh cassava or 
cassava meal-based diets were fed to groups of 
females and castrated males (Maner 1972). 
Reproductive performance of the two experi-
mental groups is summarized in Table 4. In 
general, gilts in the cassava meal feeding pro-
gram gained less body weight (37.5 vs. 48.3 kg) 
during gestation than gilts in the common 
maize feeding program; however, gilts on cas-
sava meal diets continued gaining body weight 
( + 13.5 kg) throughout their lactation period; 
whereas, the gilts on common maize diets lost 
weight (-6. 7 kg) during the same period. Con-
sequently the overall change in body weight of 
the gilts in the cassava meal feeding program 
was significantly higher (p < 0.05) than that 
of the gilts in the common maize feeding pro-
gram (41.1 vs. 26.3 kg, respectively). The num-
ber and weight of the live-born baby pigs were 
similar (p > 0.05) for both experimental 
groups, although a trend of fewer and lighter 
baby pigs per litter was observed for the gilts 
in the cassava meal feeding program. At 21 
days of age and thereafter, the number of 
suckling pigs per litter was significantly in-
ferior (p < 0.05), by approximately three pigs 
per litter, for the lactating gilts in the cassava 
feeding program. The average body growth of 
the suckling pigs in both experimental groups 
was similar, as evidenced by practically the 
same average weight at weaning time (15.87 vs. 
15.70 kg). However, because of the larger 
number of weaned pigs per litter, the common 
maize feeding program produced heavier litters 
than the cassava meal feeding program (145.4 
vs. 103.6 kg). A similar trend of raising fewer 
suckling pigs throughout the lactation period 
was previously reported in feeding fresh cas-
sava or cassava meal during either the gesta-
tion or lactation periods (Maner 1972). 
The reasons or factors involved in the lower 
reproductive performance of the gilts in the 
cassava meal feeding program are not clear. 
The slightly lower body weight, although 
within the normal range, of the gilts fed the 
cassava meal-based diet at breeding could have 
had an adverse effect on the number of em-
bryos, which would subsequently affect the 
number of live-born pigs. From the production 
point of view, however, the most striking dif-
ference was the significantly lower number of 
weaned pigs in the cassava feeding program. 
Whether these results are a consequence of a 
carry-over effect from the gestation period or 
are due to the gain in body weight during lac-
tation (or to both) needs further experimental 
evidence. 
The absence of methionine supplementation 
does not appear to be responsible for the lower 
reproductive performance of gilts in the cas-
sava meal feeding program. The results of 
recent experimental work in which cassava 
meal-soybean meal based diets were fed 
throughout the gestation and lactation periods, 
with and without methionine, showed that 
gilts fed the cassava meal diets performed simi-
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Table 5. Effect of methionine supplementation in cassava meal-based diets for gestating-lactating gilts. 
Common 
Cassava meal + soybean meal 
maize 0.03 methionine 0. 3 3 methionine 
No. gilts farrowed 14 10 10 
Body weight of gilts (kg) 
At breeding 117 .o 121.2 120.1 
Total gain, gestation 56.9 49.1 47.6 
Weight loss, lactation 17.3 13.8 15.3 
Total gain, gestation-lactation 39.6 35.3 32.3 
Data at farrowing 
No. pigs/litter 8.5 9.1 9.4 
Avg. pig wt. (kg) 1.09 1.06 1.07 
Data at weaning (56 days) 
No. pigs/litter 7 .1 8.2 8.0 
Avg. pig wt. (kg) 16.74 16.15 16.54 
Total litter wt. (kg) 117 .02 128.50 131.95 
Table 6. Intake (kg) of experimental diets and basic ingredients in life-cycle swine feeding programs 
based on cassava meal or common maize. 
Common maize diets Cassava meal diets 
Total Maize Soybean meal Total Cassava meal Soy bean meal 
Growing 77.9 59.5 
Finishing 137 .9 121.2 
Pregestation 230.6 202.7 
Gestation 209.9 160.4 
Lactation 265.5 202.8 
Baby pig/starter 79.6 49.8 
larly, irrespective of the methionine supple-
mentation, at least for the first gestation and 
lactation periods (Table 5). The experimental 
period was initiated at breeding when gilts ex-
hibited similar body weights, and individual 
controlled feeding (1.8 kg diet/ gilt/ day) was 
followed throughout the gestation period. On 
average, all animals of the experimental groups 
lost weight during lactation, as compared to 
the weight gain exhibited during lactation in 
the previous experiments (Gomez et al. 1977). 
The use of methionine supplementation is 
recommended when high levels of cassava are 
mixed in composite diets with plant protein 
sources, such as soybean meal. Apparently, 
methionine supplementation serves the double 
purpose of improving the protein quality of the 
diets and of supplying a readily available source 
of labile sulfur for cyanide detoxication 
(Maner and Gomez 1973). In the case of ex-
perimental information obtained with rats, 
14.7 91.9 63.6 23.9 
10.1 124.0 94.1 23.9 
16.8 217.2 164.9 41.9 
39.5 211.0 146.0 54.9 
49.9 292.5 196.0 82.8 
18.1 51.1 25.9 17.7 
methionine supplementation in cassava meal 
diets normally produces significant improve-
ment because the protein source used is casein, 
which is known to be deficient in this amino 
acid. In addition, for this type of biological 
evaluation with laboratory animals, suboptimal 
levels of dietary protein are commonly em-
ployed, making a response to methionine sup-
plementation feasible. The effect of methi-
onine supplementation would depend basically 
on the protein quality of the feedstuff used as 
the protein source. 
Data on intake of the experimental diets and 
the basic ingredients recorded from the life-
cycle swine feeding program based on cassava 
meal are presented in Table 6. Overall total in-
take of experimental diets and for individual 
periods were similar for both groups. The most 
important difference was the amount of soy-
bean meal required for the cassava meal feed-
ing program as compared with the maize-based 
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feeding program. Considering only the growing 
and finishing periods, the total relative 
amounts of cassava meal and soybean meal 
required per animal to reach marketing 
weight are 87 and 193 % , respectively, of the 
amounts of common maize and soybean meal 
required to obtain similar performance with 
pigs in the common maize feeding program. 
Almost twice as much soybean meal is required 
for the growing-finishing periods of feeding 
programs based on cassava. 
Feed intake during the reproductive periods 
(pregestation, gestation, and lactation, as well 
as the baby pig starter feeding) was also similar 
for both feeding programs. The cassava meal-
based feeding program required 87 and 159% 
of cassava meal and soybean meal, respectively, 
as compared with the amounts of common 
maize and soybean meal required in the feed-
ing program based -on common maize. How-
ever, because of the lower experimental results 
obtained at weaning time with the cassava 
meal-based feeding program, the amount of 
diet required to produce a weaned pig was 45% 
higher (119. 0 vs. 82. l kg diet/ weaned pig) for 
this feeding system as compared with the com-
mon maize feeding system. These data support 
the theoretical concept that the economic 
feasibility of using cassava as a substitute for 
other energy sources would depend on the rela-
tive price of cassava, as well as the price of the 
protein supplement needed to balance a cas-
sava-based diet (Phillips 1974). 
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Cassava as a Substrate for Single-Cell Protein Production: 
Microbiological Aspects 
Kenneth F. Gregory1 
Data from several laboratories have shown that filamentous fungi produced on cassava 
and other substrates are satisfactory as high-protein animal feed. At Guelph, simple low-
cost methods for converting cassava to microbial protein were sought. Silage was produced, 
from cassava and inorganic nitrogen, with up to 6.4% protein but no practical way could 
be devised for doing this in rural, tropical areas. Liquid, aerated fermentation with thermo-
tolerant fungi was shown to hold more promise of having practical value. Whole ground 
cassava can be used in a nonaseptic system because the fermentation's high temperature 
( 45-47 °C) and low pH (3.5) inhibit contaminants. Water at ambient temperature suffices 
to remove excess heat. The fungi hydrolyze the starch by their own enzymes and can be 
harvested by simple filtration. The three cultures that gave the best nutritional response 
with rats contained 44-50% crude protein and 35-38% true protein. The product formed 
with Aspergillus fumigatus I-21A on whole cassava (including nonfermented fibre and 
bark) contained 37% crude and 27% true protein. Simple conditions for a daily batch 
production schedule have been defined. Fungi capable of growth at body temperature could 
be an infection biohazard for unusually susceptible individuals. A nonrevertible, asporo-
genous mutant of A. fumigarus I-21 (I-21A), used to avoid risk of infection by spore 
inhalation, may not be a sufficient safeguard since viable hyphal fragments can occur in 
an aerosol. "Cold-sensitive" mutants unable to grow below 40 °C, but able to grow 
normally at 45-47 °C, were isolated by five sequential mutations. Nonrevertible mutants, 
required for absolute safety, have not yet been obtained. 
Cassava (Manihot esculenta) is believed to 
be one of the most efficient converters of solar 
energy to carbohydrate, with an ability to store 
energy at a daily rate per hectare appreciably 
greater than that of other high-yielding crops 
such as maize and rice (Coursey and Haynes 
1970). The storage roots are as poor in protein, 
however, as they are rich in calories. The crude 
protein content (total N x 6.25) of whole 
cassava roots averages 3.5 % , or less, of their 
dry weight (Pond and Maner 1974; Oke 1966; 
Jennings 1970; Grace 1971). Furthermore, 40-
60% of the total nitrogen is nonprotein nitro-
gen (Pond and Maner 1974). It follows that, 
when cassava is used as an animal feed, large 
amounts of protein-rich feeds must be em-
ployed to balance the ration. 
Microbial Protein from Cassava 
Several investigators have studied the use of 
microorganisms to convert cassava into micro-
bial protein. The traditional fermentation of 
grated cassava, developed by the Amerindians 
and used for making farinha do mandioca in 
Brazil and the similar product gari in Africa, 
cannot result in much net protein synthesis 
because supplemental nitrogen is not added to 
IDepartment of Microbiology, College of Bio-
logical Sciences, University of Guelph; Guelph, 
Canada NlG 2Wl. 
the mash. The consecutive growth of the bac-
terium Corynebacterium manihot and the yeast 
Geotrichum candida, which occurs during the 
fermentation (Collard and Levi 1959; Akin-
rele 1964), might convert some of the non-
protein nitrogen into protein but no data are 
available on this point. A solid-type fermen-
tation process for cassava, modeled on tradi-
tional food processes in Southern Asia, espe-
cially the tempeh produced in Indonesia, was 
developed at the Tropical Products Institute in 
London (Brook et al. 1969; Stanton and Wall-
bridge 1969, 1972). In this process the roots 
were peeled, dried, and ground to a flour. The 
fungus inoculum was added as spores along 
with ammonium nitrate, monopotassium phos-
phate, and water. The paste-like mixture was 
extruded into spaghetti-like strands and al-
lowed to ferment in shallow trays for 3 days. 
Species in several genera of fungi were used 
but Rhizopus species appeared to be preferred. 
Final yields of crude protein ranging from . 
about 2 to 4% were reported. Because the 
peeled cassava roots contained only about 
0.2 % protein, the percentage increase in pro-
tein was impressive. The final product mus~ be 
considered still to be a low-protein food, how-
ever, and the process, as described, appears to 
be unsuitable for the production of animal 
feed. 
Varghese et al. (1977) described a procedure 
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in which cassava chips, supplemented with 
chicken dung, were steamed, inoculated with 
Aspergillus or Rhizopus cultures and incubated 
in fermentation trays. The final products con-
tained about 4-10% crude protein but the data 
presented do not permit discrimination be-
tween fungal protein and nonconverted nitro-
genous compounds added with the dung. A 
similar procedure followed by Hutagalung and 
Tan (1977) yielded a product from cassava, 
dung, and a Rhizopus sp., with 10% "true pro-
tein," about one-third of which can be ac-
counted for by the true protein contributed 
directly by the dung and the cassava. 
Much higher yields of protein have been 
achieved in liquid fermentation systems based 
on: cassava. Stasser et al. (1970) described a 
process in which the yeast Candida utilis was 
used to produce a product containing 35% 
crude protein on a dry weight basis. Most 
yeasts are unable to hydrolyze starch, therefore 
the process required enzymatic or acid hydrol-
ysis of the cassava starch, as well as steriliza-
tion of the substrate, aseptic conditions, and 
centrifugation to recover the product. 
Simpler processes are possible with fila-
mentous fungi, which can hydrolyze starch 
with their own amylases and cari be recovered 
by filtration rather than centrifugation. Gray 
and Abou-El-Seoud (1966) grew several fila-
mentous fungi on ground cassava roots supple-
mented with ammonium chloride and corn 
steep liquor. Products containing 13-24% 
crude protein were obtained. Brook et al. 
(1969) obtained similar concentrations of pro-
tein with cassava fermentations using 27 strains 
of fungi but one culture yielded mycelium 
with 33.6% crude protein. The best-yielding 
fungi studied in our laboratory produced my-
celium with 44-50% crude protein. 
Value of Fungi as Animal Feed 
Extensive studies have been carried out on 
the conversion of other substrates to protein 
by means of filamentous fungi. Some of these 
are listed in Table 1. The first four processes 
cited have shown particular promise. The pro-
cess described by Church et al. ( 1972) was 
primarily designed to reduce the biochemical 
oxygen demand of corn and soybean processing 
wastes by converting the organic matter into 
inycelium. Nonaseptic continuous fermenta-
tion was carried out at the 40 000 litre scale in 
open oxidation ditches and resulted in a high-
protein product that was readily consumed by 
rats and produced good growth responses. Tate 
and Lyle Limited have operated a pilot plant 
on Cyprus at the 3000 litre scale in which 
Aspergillus niger was produced from the carob 
bean · (Imrie and Vlitos 1975). The product 
was readily accepted by both rats and boiler 
chicks with excellent results. More recently, a 
Fusarium species, which has a higher crude 
protein content (41-51 % ) , has been under in-
vestigation in their laboratories. The strain of 
Fusarium graminearum studied by Anderson 
et al. (1975) is notable for its high crude pro-
tein content (54%). The "Pekilo" process 
developed at the Finnish Pulp and Paper Re-
search Institute was successfully operated, with 
a 15 m3 fermentor, on a continuous basis, 
producing mycelium of a strain of the fungus 
Paecilomyces varioti from sulfite waste liquor 
(Romantschuk 1975). The process was run 
aseptically. A prototype Pekilo-plant has since 
reached normal commercial operation (M. Ing-
man, personal communication) and the prod-
uct has been approved as an animal feedstuff 
by the Finnish authorities. Feeding experi-
ments with pigs, chicks, and calves showed that 
the fungal protein gave growth responses 
equivalent to those obtained with skim milk 
powder. 
The above studies, as well as those carried 
out in our own laboratories (Khor et al. 1976), 
have clearly shown that fungal mycelium can 
serve as a satisfactory protein-rich animal feed. 
Smith et al. (1975), however, found that a 
strain of Aspergillus oryzae that gave good 
results with rats gave poorer results than ex-
pected with pigs. The nutritional value of fun-
gal mycelium tested at Guelph is discussed by 
Alexander (1977). 
Increasing the Protein Content of Cassava 
Silage by Fermentation 
Studies were undertaken in our laboratories 
on the microbial enrichment of cassava by two 
distinct types of processes - a moist solids 
fermentation and a liquid aerated fermenta-
tion. The first approach is described in this 
section. 
The studies of Tutarov et al. (1967) with N-
supplemented maize silage and Brook et al. 
(1969) with cassava-based "vegetable-cheeses" 
suggested that a significant increase in the pro-
tein content of cassava silage might be possible 
by encouraging microbial growth in N-
supplemented cassava silage. Because the pro-
duction of cassava silage has value in itself, as 
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Table 1. Some filamentous fungi used for protein. 
Protein in mycelium 
%of 
Substrate dry wt. Method of assay Reference 
Trichoderma viride corn and soybean 42-45 sum of amino acids Church et al. 1972 
processing wastes 
Aspergillus niger carob extract 35 Lowry method Imrie & Vlitos 1975 
Fusarium graminearum starch 54 total-N X 6.25 Anderson et al. 1975 
42 amino-N X 6.25 
Paecilomyces varioti spent sulfite liquor 55-60 Not reported Romantschuk 1975 
(pulp mill) 
Aspergillus oryzae barley grain 44 total N X 6.25 Reade & Smith 1975 
Smith et al. 1975 
Sporotrichum pulverulentum agricultural wastes 25-40 sum of amino acids VonHofsten 1976 
Von Hofsten & Ryden 197 5 
Aspergillus fumigatus cellulose 13.3 sum of amino acids Rogers et al. 1972 
Heterocephalum aurantiacum cassava 33.6 total N X 6.25 Brook et al. 1969 
Aspergil/us fumigatus cassava extract 44 total-N X 6.25 Gregory et al. 1976b 
35 amino-N X 6.25 
Table 2. Protein enrichment of cassava during experimental ensiling procedures. 




Supplement + ethylene oxide 
sterilization 
Supplement + heat sterilization 
Supplement + continuous 
perfusion 
Supplement + continuous 
perfusion 
Supplement, thin layers, eluates 
recycled discontinuously 
Inoculation with 







Percentage protein 2 




0.88 3 .13 
1.03 3.65 
0.58 3.22 
0.63 3 .17 
0.76 6.44 
Final pH 







1 All samples were incubated in a laboratory-scale silo except in the last two experiments, where recycling perfusion units and 
large Buchner funnels were used. Incubation times ranged from 8 to 14 days. 
'Protein = nitrogen not extractable with 5 3 trichloroacetic acid at 4 °C, times 6.25. 
'Initial pH of the ground cassava ranged from 6.25 to 6.50. 
•supplement consisted of mineral salts and NH1NOa. 
a means of preserving cassava as feed, even a 
modest increase in its protein content could 
have considerable value. This possibility was 
investigated by Sprung and Smith (see Sprung 
1974). The results of this study are summarized 
in Table2. 
Cassava silage was readily produced in 
laboratory-scale fermentors and achieved satis-
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factory acidity levels of pH 3.8 or less after six 
or more days incubation at 37 °C. The protein 
level of the cassava (calculated on the basis of 
nitrogen not extracted by cold trichloroacetic 
acid) was slightly over 1 % on a dry weight 
basis and did not change significantly during 
the ensiling process (first line in Table 2). 
A total of 171 new isolates and known cul-
tures of moulds, yeasts, and bacteria were 
screened to select those that hydrolyzed starch 
but not protein, that grew at pH 4 and 45 °C, 
produced acid, and had a crude protein content 
of 28% or higher. A strain of Rhizopus oli-
gosporus (M87) met all these criteria and grew 
well at high C02 and low 0 2 tensions. This 
culture was used as an inoculum to supplement 
the normal cassava microflora in most experi-
ments. 
As expected, silage made with added R. oli-
gosporus but without supplemental nitrogen 
did not result in increased protein levels al-
though microbial growth was stimulated suffi-
ciently that a lower final pH (3.25) was 
reached. Unfortunately, the addition of min-
eral salts and ammonium nitrate to non-
sterilized chopped cassava did not result in in-
creased protein in the final silage either. When 
the cassava was treated with ethylene oxide, 
to kill the competitive microorganisms, how-
ever, the fungus grew well and raised the pro-
tein content to over 3 % . Heat sterilization of 
the cassava permitted greater growth and pro-
tein production, possibly because it gelatinized 
the starch and made it more readily attacked 
by the fungus. 
When nonsterilized silage was continuously 
perfused with water containing the mineral 
and nitrogen supplement, the protein content 
was similarly increased to over 3 % . The indige-
nous microflora was as effective in doing this 
by itself as when it was supplemented with the 
mould inoculum. It was believed that the low 
oxygen supply was probably limiting the 
amount of microbial growth and thus the 
amount of protein that was synthesized. In-
deed, when the cassava was incubated in thin 
layers and liquid eluates from the cassava 
were recycled discontinuously, the protein con-
tent reached almost 6.5%, but the product was 
not always satisfactory as silage. 
It was concluded that none of the effective 
methods would be of practical value for rural 
operations in tropical countries. It was appar-
ent, that the closer the procedure came to an 
aerated liquid culture system the greater was 
the protein yield. 
Table 3. Isolation of thermotolerant, amylolytic 
high-protein fungi. 
Stage of screening 
Soil samples tested 
Cultures isolated 
Cultures with >44% crude protein 
Cultures used in feeding trials 







'PER= protein efficiency ratio (g gain{g protein fed) in rat-
feeding trials using diets with 10% true protein supplemented 
with methionine, normalized to a value of2.5 for casein supple-
mented with methionine and tryptophan (Khor et al. 1976; 
Gregory et al. 1977). 
Isolation of Cultures for 
Liquid Fermentation 
At the outset, it was decided that the prob-
lems encountered in producing low-cost micro-
bial protein from cassava in tropical countries 
should be minimized by judicious selection of 
the microorganisms (Table 3). Soil samples 
from 724 locations in Canada and Colombia 
were screened for organisms that would grow 
at a low pH (3.5) and temperatures in excess 
of 45 °C (Reade and Gregory 1975; Gregory 
et al. 1977). Only rare thermotolerant fungi 
could grow under these restrictive conditions 
and the fermentation could be expected to be 
immune to bacterial or yeast contamination 
and relatively resistant to fungal contamina-
tion. Furthermore, a high temperature fermen-
tation would avoid the necessity of mechanical 
refrigeration for cooling, even in tropical coun-
tries. Cultures able to grow under these con-
ditions were further screened for amylase 
activity as well as protein and methionine con-
tent. Amylolytic fungi could utilize cassava 
starch without the need of prior acid or enzy-
matic hydrolysis. Methionine was given special 
attention because almost all sources of single-
cell protein are deficient in this amino acid. 
The twelve cultures best meeting the above 
requirements were evaluated in rat-feeding ex-
periments (Khor et al. 1976; Gregory et al. 
1977; Alexander 1977). The three that gave 
protein efficiency ratios of 2.3 or higher are 
listed in Table 4. The first of these to be iso-
lated was Aspergillus fumigatus I-21 (ATCC 
32722) and it has received the most attention 
so far. As this species can cause a lung infec-
tion called aspergillosis if massive numbers of 
spores are inhaled by certain susceptible indi-
viduals, a nonsporeforming mutant (I-21A, 
ATCC 32723) was isolated following gamma 
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Table 4. Some properties of three thermotolerant, amylolytic high-protein fungi. 1 
Crude protein True protein Doubling 
(3 of dry matter) (3 of dry matter) time at 45 °C 
(h) 




Rhizopus chinensis 180 













1Data from Reade and Gregory (1975) and Gregory et al. (1977). 
Table 5. Fermentation conditions selected for the nonaseptic production of protein from 
cassava mash by A. fumigatus I-21A. 
Condition 
Carbohydrate concentration = 43 (ca. 153 
fresh cassava) 
Mash heated to 70 °C for 10 min, immediately 
after grinding, in one-half final volume 
Nitrogen source = urea (1. 72 g/I) 
Mineral supplement= KH,PO, (0.25 g/i) 
Initial pH adjustment with sulfuric acid 
pH3.5 
Temperature = 45 °C 
Vigorous agitation and aeration during growth 
Reasons for selection 
Fermentation is completed in 20 h from a 6.73 inocu-
lum, permitting a daily production schedule. Higher 
concentrations take longer; lower concentrations give 
lower yield per litre 
Gelatinizes starch permitting complete utilization; pre-
vents development of antifungal activity; provides de-
sired starting temperature after dilution to final volume 
No automatic pH control required; whereas, (NH,).SO, 
results in excess acidity 
Assures sufficient phosphorus even with cassava roots 
which are low in P. All other mineral requirements 
except S are supplied by the cassava roots 
Supplies sulfur requirement as well as acidity 
Optimum for protein production; inhibits bacterial 
growth 
Inhibits yeast growth, thus permitting use of nonaseptic 
conditions (although optimum temperature for the 
fungus is 37-40 °C) 
Provides rapid oxygen transfer to growing cells 
irradiation (Nielsen 1976) and used for most 
of the subsequent studies. The mutant could 
not be induced to form spores on a variety of 
media in a broad range of physical environ-· 
ments, nor could it be induced to back-mutate 
by either radiation or chemical mutagens. The 
asporogenous mutant was identical to the par-
ent in its growth characteristics but had a 
slightly higher protein content (Table 4). The 
culture giving the best results in feeding trials 
was Cepha/osporium eichhorniae 152 but this 
culture grows more slowly than the others and 
the establishment of optimum growth condi-
tions to permit reproducibly high yields is prov-
ing to be difficult. 
Fermentation Conditions for 
A. fumigatus I-21A 
The conditions established for the produc-
tion of microbial protein from cassava by 
A. fumigatus I-21A are summarized in Table 
5. A self-aspirating fermentor was specifically 
designed for this process (Azi et al. 1975; 
Meiering and Azi 1977) and models with 200 
and 3000 litre capacities were constructed for 
use in a pilot plant operation. The 6.7% inocu-
lum provided by the 200 litre fermentor per-
mits concentrations of cassava carbohydrate up 
to 4% to be converted to mycelium in 20 h, 
thus allowing 4 h for harvesting and refilling 
the fermentor on a daily production schedule. 
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The highest concentrations of protein in the 
product were obtained when the cassava roots 
were peeled prior to being ground. The peeling 
step was found to be unnecessary, however, 
because the fungus grew equally well when the 
whole roots were used and the final yield of 
protein per gram of carbohydrate supplied was 
the same (Reade and Gregory 1975). The pro-
tein concentration in the final product was 
lower, however, because of the pre!;ence of un-
fermented cassava fibre and bark. 
Heating of the cassava mash to about 70 °C, 
in about one-half the final volume of water, 
was found to be necessary for three reasons. 
Firstly, unless the starch was gelatinized by 
heat it was not attacked rapidly or completely 
by the organism. Secondly, initial heating was 
required because of the high fermentation 
temperature used. Excess heat input was 
avoided if the volume heated was adjusted so 
that the subsequent addition of water at am-
bient temperature brought the mash to the 
fermentation temperature of 45-47 °C. Subse-
quent heat input was not required because the 
growing culture generated sufficient heat. 
Thirdly, if not heated, the cassava mash de-
veloped fungistatic activity that caused an un-
acceptably long lag in growth of the culture: 
The fungistatic activity is presumed to be due 
to the release of hydrogen cyanide from the 
glucoside linamarin when the grinding process 
brings this glucoside and the enzyme linama-
rase together (de Bruijn 1973). Dumping the 
ground cassava into hot water immediately 
after grinding prevented the development of 
most of this fungistatic activity, presumably be-
cause of the inactivation of the enzyme (Reade 
and Gregory 1975). 
An alternative approach to decreasing the 
growth lag when an inoculum is placed in fresh 
cassava medium, is the isolation of cyanide-
resistant mutants. Nielsen (1976) isolated mu-
tants from gamma irradiated spores of A. fumi-
gatus 1-21 that had more than a threefold 
increase in tolerance to potassium cyanide as 
determined by respiration measurements with 
a Clark-type oxygen electrode. Although the 
cyanide-resistant mutants of microorganisms 
that have been described previously had res-
piratory impairment and grew slowly, the 
mutants isolated in this study had growth rates 
identical to that of the parent. Such cyanide-
resistance has not yet been coupled with a 
mutation for asporogeny or a "safe" mutant 
culture (see Safety Considerations). 
The only supplemental nutrients required 
for the fermentation are sulfuric acid (which 
lowers the initial pH to 3.5 and provides sul-
fur), KH2P04 (which is only required in small 
amounts because the cassava roots supply all 
the necessary potassium and almost enough 
phosphorus), and urea (as the nitrogen 
source). All of the other mineral requirements 
are present in excess amounts in cassava roots 
(Gregory et al. 1976a). When urea is used as a 
nitrogen source no automatic pH control is 
required. Indeed, the only automatic control 
system. required is a cooling system whereby 
water at ambient temperature is passed through 
a heat-exchanger in the fermentor as required 
to keep the temperature down to 45-47 °C. 
At the completion of the fermentation only 
about 5% of the initial carbohydrate remained 
unutilized when finely ground.cassava was used 
(Reade and Gregory 1975). When a rasper was 
used to prepare the cassava mash, however, a 
larger residue of carbohydrate remained 
(Santos and Gomez 1977) presumably because 
of poorer access of the fungus to its substrate. 
The fibrous nature of the final mycelial product 
was found to be well-suited to recovery by fil-
tration. A simple roller-press filter system has 
been designed for this process (Meiering and 
Hayes, unpublished). 
The final yield of product from whole cas-
sava was about 520 g/kg carbohydrate sup-
plied. The product contained 37% crude pro-
tein and 27% true protein. The concentration 
of protein in the product is appreciably less 
than in the mycelium itself, because of the 
presence of nonfermented cassava fibre and 
bark. 
Safety Considerations 
Two aspects of safety need to be considered 
in the production of single-cell protein (SCP). 
One is the freedom from toxic effects of the 
product for the consumer, whether that be 
man or animal. The cultures studied in this 
project appear to be harmless as far as rats 
are concerned (Khor et al. 1975; Alexander 
1977) but toxicological evaluation of their 
effects on livestock needs to be done. 
The other safety aspect is the possibility of 
infection or allergy in the personnel involved 
in producing the SCP. Many fungi that are 
capable of growing at body temperature are 
"opportunistic pathogens" in that they may 
incite infections in individuals who already 
have certain predisposing diseases, such as 
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tuberculosis or are undergoing treatment with 
immunosup~ressive drugs such as corticos-
teroids (Emmons et al. 1970; Chick et al. 
1975). The genera most often involved are 
Aspergillus (causing aspergillosis) and Rhizo-
pus and M ucor (causing phycomycoses). 
Among the three species we have been study-
ing that gave the best nutritional responses in 
rats, many strains of Aspergillus f umigatus are 
known to be involved in aspergillosis. Thus 
strain 1-21 should be treated as if it has this 
potential. The other two species do not appear 
to have been reported as causes of infection in 
man. Nevertheless, other thermotolerant spe-
cies of Rhizapus have been thus incriminated, 
and when Rhizapus infections have occurred 
they have often been fulminating infections 
and rapidly fatal (Emmons et al. 1970). Under 
normal circumstances, R. chinensis is probably 
not encountered in high concentrations so that 
we cannot be sure that R. chinensis 180 might 
not be hazardous for rare individuals if mas-
sive exposure occurs. Cephalosporium eich-
horniae 152 is acidophilic and grows little or 
not at all above pH 5 in most media. Although 
slow growth can occur at higher pH levels in 
rich media, this pH sensitivity, together with 
the absence of reports of pathogenicity for this 
species, give reasonable assurance of safety 
with this culture. 
Use of the asporogenous mutant A. fumi-
gatus 1-21A entirely avoids the risk of spore 
inhalation, which is probably the only way 
aspergillosis arises in nature. Our recent ex-
perience with pilot-plant scale equipment, how-
ever, has shown that viable mycelial fragments 
may become airborne in the form of an aerosol. 
Aerosol formation is particularly prone to 
occur during the harvesting procedure when 
large volumes of liquid, containing hyphal 
fragments, are being separated from the bulk 
of the biomass. Recent experimental studies on 
aspergillosis (Sidransky 1975) have indicated 
that an animal's resistance to infection with 
germinated spores (and presumably hyphal 
fragments) may be much less than to spores. 
These considerations have led us to believe 
that the use of an asporogenous mutant is not 
a sufficient safeguard. 
Ultimate safety would be achieved if a non-
revertible mutant could be isolated that was 
unable to grow in the conditions found in the 
body. A major step in that direction has been 
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Fig. 1. Growth of A. fumigatus 1-21 and its cold-
sensitive mutant ON5 in cassava mineral salts 
medium (2% carbohydrate) at 37 and 47 °C (data 
from Nielsen 1976). 
f umigatus 1-21 that are unable to grow at tem-
peratures below 40 °C but are able to grow 
normally at the fermentation temperature of 
45-47 °c (Nielsen 1976; Nielsen and Gregory, 
in press). "Cold-sensitive" mutants of various 
microorganisms had been isolated previously 
but such mutants had minimal growth tempera-
tures only a few degrees higher than that of 
the parent (Waldron and Roberts 1974). It 
proved to be possible to isolate cold-sensitive 
mutants of A. f umigatus 1-21 sequentially, such 
that the fifth mutant in the series (designated 
ON5) had the desired minimal growth tem-
perature (Fig. 1). Whereas it would be im-
possible for such a mutant to infect man, all 
the mutants isolated so far are capable of back-
mutating to the ability to grow at 37 °C, at a 
frequency of about 10-6. A major effort is now 
underway in our laboratory to obtain 37 °C-
sensitive mutants with multiple lesions so that 
revertants would not arise. If these experi-
ments are successful it should be possible to 
apply the techniques to other thermotolerant 
fungi and produce cultures that are unequivo-
cally safe. Until such safety is assured we can-
not recommend the practical use of A. fumi-
gatus 1-21 or R. chinensis 180 for SCP pro-
duction. Several other investigations are using 
fungi that, while not highly thermotolerant, 
are able to grow well at body temperature. It 
might be well to consider the possibility that 
such cultures could be a biohazard. 
This work was carried out with the aid of a grant 
from the International Development Research 
Centre. 
79 
Fermentor Performance in Microbial Protein Production 
from Cassava1 
A.G. Meiering and F. A. Azi2 
A self-aspirating fermentor was developed on the basis of the Waldhof principle. 
Aeration capacity and microbial growth kinetics were analyzed for the b;ttch and con-
tinuous flow process. Design data for a multiple stage continuous flow system were derived 
using the kinetic models and measured batch fermentation results in computer simulations. 
Interdisciplinary research on microbial pro-
tein production from whey· and cassava, a 
high yielding tropical root crop with very low 
protein but high starch content, was begun in 
1971 at the University of Guelph. The whey 
project was aimed at the conversion of resi-
dual waste nutrients to yeast protein. The cas-
sava project was performed under contract 
with the International Development Research 
Centre in close cooperation with the Centro 
Internacional de Agricultura Tropical (CIAT), 
Cali, Colombia. The engineering objective in 
the cassava project was to develop a fermentor 
system and a biomass harvesting system suit-
able for eventual use on farm or cooperative 
levels. This required direct cooperation with 
the participating research group in micro-
biology, which developed the microbes for the 
fermentation process and thus provided ele-
mentary design data for both, fermentor and 
separator. 
Development of Fermentor 
Identical fermentors, employing the Wald-
hof principle for the injection of air into the 
fermenting substrate, were used in both proj-
ects (Solomons 1969). Fig. 1 shows that the 
air was conveyed through the hollow shaft and 
impeller and then dispersed into . the liquid 
through the action of the impeller blades, 
which act as a sparging vacuum pump for air 
(Azi et al. 1975). At the same time, it served 
as a liquid pump, inducing a downward flow 
of the substrate inside the draft tube and an 
upward flow between the draft tube and the 
lThis project was financed by the International 
Development Research Centre in a contract with 
the University of Guelph. Further financial support 
was received in the form of an Operating Grant 
from the National Research Council of Canada. 
2School of Engineering, University of Guelph, 
Guelph, Canada, and Engineering Division, Minis-
try of Agriculture and Natural Resources, Enugu, 
Nigeria, respectively. 
vessel. The draft tube. was jacketed to serve 
as a heat exchanger for initial steam heating 
of the medium as well as thermostatically 
controlled water cooling during fermentation. 
Fermentors with working capacities of 20, 
120, 200, and 3000 litres were built having the 
same relative dimensions DF/ H 0 = 0.58 for 
the fermentor vessel. 
The aerating capacity of the impeller is il-
lustrated in Fig. 2 with performance data 
measured at the 20 litre model. Air flow Q 
and power uptake P can be readily defined by 
the following exponential functions of rotor 
speed N and impeller diameter D1 (Azi 1976). 
[1] Q = C1D14NB 
[2] p = C2D14N2.5 
The total air flow not only increased with im-
peller speed but also with the substrate height 
in the fermentor up to a point close to the 
equilibrium between the static potential of 
this height and the total potential developed 
by the impeller (Azi et al. 1975; Azi 1976). 
The power input per litre substrate at given 
air flow rates increased and the rotational 
speed of the impeller decreased with increas-
ing impeller diameters. A diameter of 
D1/ DF = 0.36 provided proper substrate 
pumping and mixing in the vessel as well as 
adequate air flow rates at typical speeds be-
tween 800 and 1600 rpm and substrate filling 
levels between 0.66 and 0.75 H 0 . Higher ro-
tational speeds of smaller impellers improve 
the convective transfer of oxygen into the 
substrate through higher Nu-numbers and 
larger specific transfer areas due to smaller 
bubble sizes (Azi et al. 1975). At the same 
time, however, the shearing action of the 
blades is intensified, impairing microbial 
growth. The larger yeast cells and fungal my-
celium were found to be especially sensitive 
to this action in the early fermentation stages. 
The medium-size impeller with D1/ DF = 
0.36 required up to 5% more energy than the 
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c 
d 
Fig. 1. Cross section through Waldhof-type fer-
mentor: a filter; b motor and belt drive; c valve; 
d hollow shaft; e baffle; f outlet; g impeller; h im-
peller arm; i jacketed draft tube; j heating and 
cooling connections; and k substrate feed. 
smaller one with D 1/ DF = 0.3, but 10-18% 
less than the larger one with D1/ DF = 0.5. 
Most of the measurements needed for the se-
lection of a proper impeller diameter were 
systematically taken in water and later re-
peated at random in various fermentation 
substrates (Azi et al. 1975; Azi 1976). Reas·on-
ably good agreement between these varying 
materials was observed. Taking all the results 
into consideration,· an impeller diameter of 
D 1/ DF = 0.36 was chosen for the fermenta-
tion program. 
Experimental Program 
An asporogenous mutant (I-21A) of Asper-
gi/lus f umigatus was developed as a prototype 
for fungal cassava fermentations (Reade and 
Gregory 1975; Gregory et al. 1976, 1977; 
Gregory 1977). Between 7 and 10% inoculum 
was added to the prepared substrate. The cas-
sava substrates were prepared by adding 13.3 
kg of ground cassava roots to 50 litres of 
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Fig. 2. Effect of impeller diameter on aerating 
intensity and power uptake of 20 litre fermentor. 
Substrate: water; ferment or dimensions: H 0 = 45 
cm, DF = 30 cm, Bv = 30 cm, Dv = 10 cm 
(Azi 1976). 
for 10 min by steam injection to the draft 
tube, to allow starch gelatinization and the 
elimination of some fungistatic effects (Reade 
and Gregory 1975). Another 50 litres of water 
were then added to adjust the initial carbo-
hydrate concentration to approximately 40 
g/litre and the initial substrate temperature to 
45 °C. The cassava was replaced by sucrose in 
several experiments with fungi to minimize 
expenses and allow fungal biomass weights to 
be assayed free of cassava fibre. Concentrations 
of 40 and 50 g/litre were used to match whey 
and cassava concentrations. Minerals, phos-
phorus and nitrogen were added in the form 
of inorganic salts, urea, and corn steep liquor 
(see Gregory 1977). 
The acidity of the cassava substrate was 
kept at a constant pH of 3.5 through sulfuric 
acid addition and the substrate temperature 
was kept at .a constant 45 •c. These extreme 
growing conditions prevent the growth of 
contaminants and eliminate the need for an 
air filter. Foaming rarely occurred in initial 
fermentation stages and could be easily con-
trolled through the addition of a food accept-
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Fig. 3. Effect of impeller diameter on power 
requirements and impeller velocity. Substrate: 
water; fermentor dimensions: H 0 = 45 cm, 
DF = 30 cm, HD= 30 cm, DD= JO cm. 
able antifoam agent to whey and of small 
amounts of cotton seed or corn oil to the cas-
sava substrates. Most experiments were per-
formed with the 20 and 120 litre fermentors. 
They were supplemented by several runs in the 
200 and 3000 litre commercial models de-
signed for larger scale swine feed production. 
Substrate samples were taken at regular in-
tervals during all fermentation experiments 
and analyzed for viscosity, microbial concen-
tration, substrate concentration, and protein 
yields (Reade and Gregory 1975; Gregory et 
al. 1976, 1977). The dissolved oxygen concen-
tration was measured at the same time. Energy 
consumption of the impeller and air flow were 
measured in the 20 litre fermentor, which was 
equipped with a torque meter and a flow 
meter. The feed value of the bipmass was de-
termined in rat experiments (Khor 1974; Khor 
et al. 1976). 
Fermentor Performance 
The fermentor performance is character-
ized by the conversion rate of substrate to 
microbial protein (Humphrey 1974; Kihlberg 
1972; Manouselis 1976; Nordstrom 1974; Per-
Fig. 4. Batch fermentation results of A. fumi-
gatus I-21A in sucrose solution. Initial carbohy-
drate concentration 42 g sucrose/litre; substrate 
temperature 45 °C; impeller speed N = 800 rpm 
or v =13.3 mis; fermentor size 3000 litres (Azi 
1976). 
zow 1974; Reade and Gregory 1975; Rogers 
et al. 1972; Weinshank and Carver 1967). The 
biochemical kinetics of this conversion depend 
on several process variables including tem-
perature, nutrient concentration and rotor 
speed as the most important ones (Aiba et al. 
1973; Meiering et al. 1977; Rhodes and 
Fletcher 1966; Tsao 1968; Weinshank and 
Carver 1967). An extensive theoretical analy-
sis of the microbial reaction kinetics was per-
formed and computer simulation programs 
were established for the prediction of batch 
and continuous flow fermentations of cassava 
with A. f umigatus I-21A (Azi 1976; Meiering 
et al. 1977; Monod 1942). 
Measured data points and simulated reac-
tion curves of the exponential growth phase 
of a typical batch fermentation experiment 
are shown in Fig. 4. The initial sucrose content 
of 40 g/litre, which compared to a similar car: 
bohydrate concentration in the cassava s~ur­
ries was consumed after 20 h of fermentation, 
wh~n a final microbial concentration of 14 g/ 
litre was reached. The air flow decreased sig-
nificantly with microbial growth, as illustrated 
in Figs. 4 and 5. Also, the oxygen concentra-
tion in the substrate declined sharply and 
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Fig. 5. Air fiow through water and cassava 
slurry taken from 3000 litre fermentor after com-
pleted fermentation and measured on 20 litre fer-
mentor. Fermentor dimensions: H0 = 45 cm,· 
D = 30 cm; Hn = 30 cm; D1/DF = 0.36 (Azi 
1976). 
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Fig. 6. Continuous fiow fermentation results in 
single stage fermentor. Initial substance concen-
tration 40 g sucrose/litre,· substrate temperature 
45 °C; impeller speed 1200 rpm or v = 20 mis. 
nearly reached depletion. The total biomass 
yield was 42 kg in 20 h, amounting to 0. 7 kg/ 
m3 h-1 and an energy requirerpent of 4.97 kwh 
per kg biomass. 
The fermentation results shown in Fig. 4 
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Fig. 7. Fermentation results of A. fumigatus l-
21A in a multistage continuous fiow system. faitial 
substrate concentration 40 g sucrose/ litre; sub-
strate temperature 45 °C,· impeller speed 1200 rpm 
or v = 2.0 mis (Meiering et al.1977). 
it eliminates the lag phase of microbial growth 
with its initial sensitivity to the shearing action 
of the impeller (Azi 1976). Slightly higher 
rotor speeds can, therefore, be used to improve 
the oxygen transfer and overall growth rate. 
Fig. 6 shows the . results of continuous flow 
operation for the fermentor used in the batch 
fermentation example illustrated in Fig. 4. No 
improvements are achieved, if the single fer-
mentor is operated in the same mode as in the 
batch process. In fact, the fermentation is in-
complete at the highest cell output rate of 
DXm = 0.52 g/litre h-1, leaving a substrate 
concentration of approximately 14 g/litre in 
the effluent. The maximal cell output im-
proves to 7.4 g/litre h-1 with a higher rotor 
speed of 1200 rpm, but approximately the 
same amount of substrate is lost. A dilution 
rate of D = 0.09 is required for maximal pro-
duction. 
Fig. 7 shows that a sequence of three fer-
mentors is required to limit substrate losses to 
1 g/litre at the maximum cell output rate of 
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Fig. 8. Fermentation results of A. fumigatus l-
21 A in a four-stage continuous flow system. Initial 
substrate concentration 40 g sucrose/litre; sub-
strate temperature 45 °C; impeller speed N = 
1200 rpm or v = 20 mis; dilution rate D = 0.09 
in all stages (Meiering et al. 1977). 
DXm = 1.31 g/litre h-1 corresponding to dilu-
tion rate of D = 0.09 h-1. These substrate 
losses can be further reduced to 0.22 g/litre 
in a fourth stage. Fig. 8 summarizes the per-
formance of a multistage system at a dilution 
rate of D = 0.09 h-1. It shows that the gain in 
cell output only increases from 1.31 to 1.33 g/ 
litre h-1 in the last stage (Meiering et al. 
1977). 
The total production of a three-stage system 
would amount to 78.6 kg in a 20-h fermenta-
tion period as compared to 42 kg in the 20-h 
exponential growth phase in the batch system. 
The batch process requires several hours of 
inoculate preparation in a separate fermentor. 
In addition to this, a lag phase of 6-8 h is en-
countered after transferring the inoculum to 
the main fermentor. Taking these delays into 
account as an additional time of 12 h, a ratio 
of [(VXmhatc11l(DXm)cont. r1owl = 0.33 would 
result from comparison of the. production po-
tentials of the two systems. This means that a 
three-stage continuous flow system, as shown 
in Fig. 9, could operate with 1000 litre vessel 
capacity in each stage to produce the same 
amount of biomass as the 3000 litre batch fer-
mentor. Component design for the individual 
stages would be facilitated by this reduction 
factor of approximately 66%. Especially, 
vibration problems of the fermentor shaft, as 
illustrated in Fig. 10, for the 3000 litre model 
could be controlled more readily without the 
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Fig. 9. Layout of 3-stage continuous flow fermentation system with aerating units developed for 
batch process. 
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Fig. JO. Shaft deflection in 3000 litre fermentor. 
seal and bearing at the vessel bottom. Con-
struction cost could be reduced in both batch 
and continuous flow systems by using simple 
containers made of concrete on the farm 
rather than manufactured stainless steel units. 
Aerating units of relatively small size could be 
suspended from a frame construction or the 
vessel ceiling, as shown in Fig. 9. 
Pollution control will likely require a lower 
carbohydrate content than 1 g/litre iri the 
eflluent. The cost of adding a fourth stage in a 
continuous flow system to- satisfy these re-
quirements could render it economically in-
ferior to the batch systems. Another possi-
bility is a progressively higher rotor speed in 
the sequential stages to improve reaction speed 
and oxygen supply. Rotor speeds, however, 
ar~ limited by their shearing action on the 
microbes. Nevertheless, a limited experiment 
showed that a fully developed culture can sus-
tain significantly higher speeds than an inocu-
lum in the lag phase (Azi 1976). The behavi-
our of the culture and the performance of a 
multistage stage could only be outlined in this 
report on the basis of batch fermentation data, 
but should be investigated in an actual pilot 
scale system. 
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Laboratory Animal Nutrition with Fungi Grown on Cassava 
J. C. Alexander1 
Various strains of fungi including Aspergillus fumigatus were grown on media based 
on cassava carbohydrate, and evaluated for their nutritional quality, including safety for 
use as an animal feed. All samples had a low sulfur amino acid level. Biological evaluations 
included protein efficiency ratio (PER) and net protein ratio (NPR) methods, with male 
weanling rats. The protein control showed significantly better results for PER, NPR, and 
weight gain than the fungal proteins. However, by basing the dietary protein on the 
a-amino acid content, and supplementing it with methionine there was much better per-
formance by the rats. The feeding of A. fumigatus resulted in increased relative kidney 
weights, and at high levels of intake (30 and 40%) more blood UJ;ea nitrogen, and a drop 
in blood albumin. A deficiency in methionine, due to reduced feed consumption, may 
have contributed to these changes. No significant differences between the control and 
experimental groups were found by histopathological examinations. 
Microorganisms can synthesize protein from 
substrates such as hydrocarbons and carbo-
hydrates very rapidly. (Snyder 1970; Spicer 
1973). Hydrocarbons are still available in vast 
quantities, but as the cost continues to in-
crease, renewable carbohydrate substrates 
may prove to be economic in certain situ-
ations. The greatest need for more food with 
adequate protein quality and qu~ntity is often 
in densely populated tropical areas. Cassava 
(Manihot esculenta) is a starchcproducing 
root crop cultivated extensively and almost 
exclusively in tropical regions of Asia, Africa, 
and South America as a staple foodstuff 
(Gutierrez and Anderson 1972). In terms of 
calories per hectare, its yield is among the 
highest of any cultivated plant (Martin 1970; 
de Vries et al. 1970). Because the protein con-
tent of cassava is low, its consumption has 
contributed to malnutrition in areas where it 
serves as a substantial portion of the diet 
(Bailey 1961). The average crude protein ex-
pressed on a dry weight basis does not exceed 
3 % , and . the quality in terms of essential 
amino acids is not good (Latham 1965; Hen-
dershott 1972). 
In spite of extensive information on the use 
of cassava in rations for swine (Maner 1972; 
Gomez et al. 1977), there is still concern about 
toxicity attributed to its cyanogenic glucosides, 
particularly linamarin with its potential for 
production of hydrocyanic acid (Wood 1965; 
Oke 1969; Nartey 1973): Some studies have 
shown a correlation of the prevalence of 
tropic ataxic neuropathy, and endemic goiter 
with the frequency of dietary intake of cassava 
lDepartment of Nutrition, College of Biological 
Science, University of Guelph, Guelph, Canada 
N1G2Wl. 
(Osuntokun 1973; Ekpechi 1973). In the fer-
mentation of cassava it is detoxified by the 
liberation of hydrocyanic acid at a low pH 
(Akinrele 1964). 
Gray and Abou-el-soud (1966) investigated 
microbial protein production from cassava, but 
did not study the nutritive value or safety of 
the fermentation products for feeding animals. 
Other workers (Stanton and Wallbridge 1969; 
Brook et al. 1969) carried out fungal fermen-
tation of an extruded paste from flour of cas-
sava, and with the genus Rhizopus showed a 
sevenfold increase in protein content of the 
product over that of the cassava substrate. 
Assessment of Aspergillus oryzae grown on 
barley grain by Smith et al. (1975) indicated 
unsatisfactory results particularly with pig 
feeding tests. For this and other organisms 
studied, they reported non-a-amino N levels 
between 10 and 20% of the total N of the 
mycelia. Later, Smith and Palmer (1976) 
evaluated yeasts and bacteria as dietary pro-
tein sources for animals. Supplementation 
with methionine was found to be beneficial. 
Vander Wal (1976) has reviewed experience 
with SCP in animal feeding in Europe and 
Shenderei (1976) comments on experience in 
the USSR. 
Nutritive Value 
Studies were carried out by Khor et al. 
(1976) that demonstrated the nutritive value 
for rats of thermotolerant fungi grown on cas-
sava. Two strains of A. fumigatus (I-21 and 
I-34), a nonreverting asporogenous mutant of 
A. fumigatus I-21 (I-21A), one strain of 
Sporotrichum thermophila (I-36), and one 
strain of Paecilomyces sp. (I-39) were in-
cluded. 
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Table 1. The amino acid content of some microbial protein sources1 
Source of protein 
I-2l2 I-21A 3 I-342 I-36 2 I-39 2 Casein 
Aspartic acid 6.0 4.3 5.6 4.7 5.0 7.2 
Threonine 3.7 3.7 3.8 3 .4 3.2 4.5 
Serine 3.9 3.7 4.5 3.1 3.4 5.4 
Glutamic acid 7.8 11.4 10.3 8.9 9.6 22.0 
Pro line 3.4 7.0 3.5 3.2 2.9 11.3 
Glycine 5.0 4.3 4.8 3.8 3.8 1.9 
Alanine 7.2 5.4 7.7 7.8 7 .1 3.0 
Valine 5.4 4.6 5.0 4.2 4.2 6.5 
Cystine4 0.7 0.3 0.5 0.6 0.6 0.4 
Methionine4 1.4 1.3 1.4 1.1 1.3 2.9 
Isoleucine 4.5 3.6 4.3 3.5 3.7 5.7 
Leucine 7 .1 6.0 6.6 5.5 5.7 9.3 
Tyrosine 2.8 2.6 2.9 2.4 2.4 5.5 
Phenylalanine 4.8 3.5 4.5 3.7 3.8 5.3 
Lysine 7.0 5.3 6.3 5.6 5.6 8.3 
Histidine 1.3 1.5 1.5 1.2 1.2 3.0 
Arginine 5.8 5.0 6.0 5.4 5.7 3.8 
Tryptophan5 1.0 1.0 1.2 0.8 1.7 
1 Values are averages of duplicate analyses expressed as g/16 g nitrogen. 
· 2Substrate: cassava extract medium. 
3Substrate: whole cassava medium; product contained. unfermented cassava.residues. 
4 Microbiological assay. 
'Not done for I-21A. 
Gregory et al. (1976) reported the conver-
sion of carbohydrates to protein by high tem-
perature fungi, and the methods of Reade and 
Gregory (1975) involving high temperature, · 
low pH fermentations, and a self-aspirating 
fermentor developed by Azi et al. (1975) were 
used. The medium was heated to 80 °C for 
30 min during preparation. Fermentations 
were carried out nonasceptically at pH 3.5 and 
45-50 °C for 20 h. The mould mycelia were 
recovered by filtration,. washed once by re-
suspending in deionized water (0.5 x culture 
volume), and freeze-dried. Samples were hy-
drolyzed with nitrogen-saturated HCl in sealed 
tubes at 110 °C for 24 h. These hydrolyzates 
were analyzed for amino acids by ion-
exchange chromatography. Values for methi-
onine, cystine, and tryptophan were low, due 
to loss by this method, so alternate methods 
were applied. For the two sulfur-containing 
amino acids a microbiological technique using 
Leuconostoc mesenteroides was carried out. 
Tryptophan was determined by a spectro-
photometric procedure involving hydrolysis by 
BaOH, and colour development by p-dimethyl-
aminobenzaldehyde. Values for amino acid 
content of the. microbial protein sources are 
shown in Table l. The low levels of sulfur 
amino acids in the fungus samples are appar-
ent. The other amino acids were in a more 
favourable balance. Proximate analyses are in 
Table 2. The first four fungi were grown 
on a cassava extract medium, and data were 
quite similar except that I-21 was higher in 
lipid content. For the one sample grown on 
whole cassava medium (I-21A), levels of lipid 
and crude fibre were relatively low, but the 
calcium content was increased. 
Protein quality was evaluated by Protein 
Efficiency Ratio (PER) and Net Protein Ratio 
(NPR) techniques. The animal diet consisted 
of 10% corn oil, 4% mineral mixture, l % 
vitamin mixture, 5% celluflour, and 80% corn 
starch. The level of corn starch added de-
pended upon the amount of casein or micro-
bial protein used at the expense of the corn 
starch to provide 10% protein in the diet (see 
· Table 3 for results). For statistical analyses of 
the data, values with common superscripts are 
not significantly different (p < 0.05) by Dun-
can's multiple range test. Animals fed the 
supplemented casein had the most weight gain, 
and better average feed efficiency. Fungi I-36 
and I-39 gave particularly poor results. Re-
garding the PER, casein and I-21 were best, 
but all samples produced similar NPR values. 
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Table 2. Proximate analyses (%) of some protein sources' 
Crude Ether 
protein extract 
1-2!2 40.0 12.2 
I-342 41.S 6.6 
1-362 37 .1 6.6 
1-392 32.6 S.9 
l-21A3 32.7 2.6 
1 Values are averages of duplicate analyses. 
2Substrate: cassava extract medium. 
Crude 
fibre Calcium Phosphorus 
25.4 0.01 O.S2 
22.5 0.02 0.97 
23.4 
19.3 
14.S 0.13 0.69 
3 Substrate: whole cassava medium; product contained unfermented cassava residues. 
Table 3. Fungal mycelia from cassava extract medium compared to supplemented casein as the sole 
sources of dietary protein based on crude protein content (average results from 10 rats per group). 
Feed 
Weight efficiency PER1 
gain (g feed/g gain) (g gain/g protein) NPR 
I-21 210bc 4.2bc 2.l8b 3.68 
I-34 lSOCd 4.7ab 1.9bC 3.58 
1-36 129e 5.38 1.7" 3.48 
1-39 14Sde 5.58 1.6" 3.18 
Casein2 3158 3.4° 2.58 3.48 
1PER values were normalized relative to a value of 2.5 for the casein standard. 
'Supplemented with 0.3 3 DL-methionine and 0.1 3 DL-tryptophan. 
Table 4. Fungal mycelia supplemented. with methionine compared with casein as sole sources of dietary 
protein based on crude protein content (average results from 10 rats per group). 
Weight Feed 
gain efficiency PER' 
(g) (g feed/g gain) (g gain/g protein) NPR 
I-21 155° 7.18 1.3" 2.5° 
I-21 + 0.6% DL-methionine 255b 4.0bc I.Sb 3.4b 
I-34 140° 6.68 1.2• 2.7° 
I-34 + 0.6% DL-methionine 230b 4.0bC I.Sb 3.4b 
Casein2 3468 2.9° 2.58 4.28 
1PER values were normalized relative to a value of 2.5 for standard casein. 
'Supplemented with 0.33 DL-methionine and 0.13 DL-tryptophan. 
Analyses had shown that the microbial pro-
teins were low in methionine, and it was con-
sidered that supplementation of the test diets 
with DL-methionine might improve the per-
formance of these proteins. Beneficial effects 
were seen (Table 4) for A. fumigatus strains 
I-21 and I-34 as illustrated by higher PER and 
NPR values, as well as better weight gains and 
feed efficiencies. Nevertheless, in spite of the 
extra methionine added to the fungal proteins, 
the supplemented casein still performed better. 
Further studies based the protein level 
of the diets on the a-amino acid content, be-
cause a portion of the nitrogen in microbial 
proteins is contributed by nonprotein sources 
such as nucleic acids. The results in the upper 
portion of Table 5 show that I-21 and I-34 
as supplemented, produced comparable feed 
efficiency and NPR values to those for the 
casein. Weight gains and PER values were, 
however, lower. A different experiment pro-
duced the results in the lower part of Table 5. 
Here I-21A was grown on whole ·cassava 
medium, and the product contained unfer-
mented cassava residues. The casein was not 
supplemented, but still performed relatively 
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Table 5. Fungal mycelia and fermented cassava compared with casein as sole sources of dietary protein 
based on a-amino acid content (average results from 10 rats per group). 
Weight Feed 
gain efficiency PER1 
(g) (g feed/g gain) (g gain/g protein) NPR 
1-21 + 0.63 DL-methionine 226b 4.8" 2.2b 3.6" 
I-34 + 0.63 DL-methionine 21Qb 4.7" 2.0b 3.4" 
Casein + 0. 3 3 DL-methionine 
+ 0 .13 DL-tryptophan 392" 2.8" 2.5" 3.8" 
Cassava fermented by I-21A 83 4.5 1.5 3.2 
Casein 153 2.6 2.5 5.0 
1 PER values were normalized to a value of 2.5 for the casein standard. 
better than the fermented cassava. Neverthe-
less, note the low weight gains for casein alone 
as the protein source. 
The rats fed I-21A grown on the whole cas-
sava medium had very poor growth during the 
first week of the experiment (Fig. 1). Because 
feed intake was comparable to that for the 
casein-fed animals the poor growth perform-
ance resulted from inefficient utilization of 
the feed. For example, the feed efficiency dur-
ing the first week was 2.4 for the casein group, 
and 10.7 for the I-21A. During this time there 
was considerable variation in weight gain re-
sponse by individual animals within the l-21A 
dietary group, indicating that the rats did not 
adapt readily to the diet. After the initial lag 
period, the growth rate improved greatly 
(Fig. 1). 
Safety Evaluation 
It was recognized that the fermentation 
products from fungi grown on cassava should 
be subjected to rigorous toxicological exami-
nation prior to feeding them to farm animals. 
The Protein-Calorie Advisory Group of the 
United Nations System (PAG) has issued offi-
cial guidelines for systematic clinical testing of 
new protein sources (PAG Guideline No. 6 
1970; PAG Statement No. 4 1970; PAG 
Guideline No. 15 1974). ·The A. fumigatus 
I-21 studied for nutritive value (Khor et al. 
1976) was subjected to a safety evaluation for 
use as an animal feed (Khor et al. 1977). 
There were 10 male weanling rats per group 
and all diets and water were offered ad libitum. 
The test groups received the fungus sample at 
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Fig. 1. Weekly weight gains by rats fed casein 
or cassava fermented by A. fumigatus l-21A. 
the control group was provided with soybean 
oil meal as the sole source of protein. The 
protein contents of the test diets were brought 
to the same level as that in the control diet 
(18% crude protein) by addition of soybean 
oil meal (Table 6). The rats were maintained 
on these rations for 90 days, then killed, and 
autopsied. Body weight and feed consumption 
data were obtained, and extensive clinical and 
histopathological examinations were carried 
out. 
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Table 6. Composition of diets (g/kg) for the 
subchonric toxicity study of A. fumigatus 1-21. 
Control 
Fungus diets 
diet 20% 30% 40% 
Soybean oil meal 408 263 190 117 
Fungus I-21 200 300 400 
Mineral mixture 40 40 40 40 
Vitamin premix 20 20 20 20 
Corn oil 60 60 60 60 
Celluflour 10 10 10 10 
Corn starch 458 403 376 349 
DL-methionine 4.0 4.0 4.5 4.5 
The average body weights were consistently 
higher for the control diet than for the fungus 
diets (Table 7). However, there was no statis-
tical difference in weight gain throughout the 
experiment between the rats fed 30 and 40 % 
fungus, but both of these groups were lower 
than the 20% fungus group. The control ani-
mals ate more feed but there were no impor-
tant differences in feed efficiency data. 
In general, none of the organ weights, ex-
cept for the kidneys, showed significant differ-
ences between fungus-fed groups and the 
control group (kidney weights (g/100 g body 
weight) were: soybean oil meal 0.81; 20% 1-21 
0.95; 30% 1-21 1.01; 40% 1-21 0.98). The 
blood glucose and glutamic-pyruvic transami-
nase concentrations were not altered by feed-
ing the fungus diets, but urea nitrogen levels 
tended to rise at the higher levels of intake 
(soybean oil meal 20; 20% 1-21 20; 30% 1-21 
22; and 40% 1-21 24 mg urea N/100 ml). The 
glutamic-oxaloacetic transaminase, and alka-
line phosphatase showed no relationship to 
dose level. Rats fed 30 and 40% of A. fumi-
gatus 1-21 had a significant drop in serum 
albumin (Table 8) but other serum protein 
values were not changed. 
Blood values obtained at termination of the 
feeding study were not remarkable except for 
small changes in leukocyte counts, and urine 
samples showed normal colour, and tests for 
glucose, acetone, bilirubin, protein, pH, and 
blood. Kidney function tests revealed that rats 
in all groups were able to concentrate their 
urine when deprived of water. Histopatho-
logical examinations of many tissues indi-
cated no significant differences between the 
control and test groups. 
Discussion 
Microbial proteins in general have a low 
methionine content, and supplementation with 
this amino acid is necessary to obtain a pro-
tein quality approaching those of animal 
sources. Early studies (Skinner and Miiller 
1940; Klose and Fevold 1945) revealed that 
Table 7. Body weight, feed consumption, and feed efficiency of rats fed soybean oil meal or 
A. fumigatus 1-21 at different dietary levels. 
Body weights Feed consumption Feed efficiency 
(g) (g/rat/day) (g feed/g gain) 
4wk 8wk 12wk 4wk 8wk 12wk 4wk 8wk 12wk 




21lb 272b 277b 14.3b 14.8b 13 .Sb 2.9b 7.2 
190° 243° 245.C 13 .3b.c 13.9b 12.2b 3.2" 8.1 
176° 241° 241° 12.5° 13.6b 12.5b 3 .5" 10.3 
Table 8. Plasma protein values for rats fed soybean oil meal or A. fumigatus 
1-21 at different dietary levels for 90 days. 
Total serum Serum Serum Albumin 
proteins albumin globulin 
(g/lOOml) (g/lOOml) (g/lOOml) Globulin 
Soybean oil meal 6.0 4.2" 1.9 2.2 
20% 1-21 6.0 3 .9a,b 2.0 2.0 
30% 1-21 5.9 3,7b 2.1 1.8 
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both moulds and yeast gave much improved 
performance as protein sources for rats if 
supplemented with methionine. Bressani 
(1968) reported a dramatic improvement in 
PER when 0.5% DL-methionine was added to 
torula yeast. Also, Candida lipolytica grown 
on alkanes had a higher biological value when 
supplemented with 0.3% DL-methionine 
(Shacklady and Gatumel 1972). 
In the study of Khor et al. (1976) the strains 
of A. fumigatus tested produced better results 
if supplemented with methionine and evalu-
ated by weight gain of rats, feed efficiency, 
PER and NPR values. There was, however, 
considerable variation in feed intake among 
rats maintained on diets containing the fungi. 
When rations are offered ad libitum, many 
factors contribute to. the amounts of feed ac-
tually consumed. The flavour, dry texture, and 
nutritive balance of the microbial proteins 
could have adversely affected the intake of 
feed. When growth is to be compared, a dif-
ference in feed intake makes conclusions re-
garding composition of the rations more diffi-
cult. Consequently, PER calculated from the 
results of ad libitum feeding at a 10% level 
tends to penalize the less palatable protein 
source. 
With a substantial portion of the microbial 
nitrogen in the form of nonprotein nitrogen, 
unless the dietary protein level is based on a-
amino nitrogen, the fungal proteins are penal-
ized further. 
The increase in kidney weights relative to 
body weights of rats fed A. fumigatus 1-21 
was not accompanied by pathological changes. 
Therefore, this increase was considered to be 
a response to metabolic requirements. The 
tendency toward an elevation in blood urea 
nitrogen with an increase in the fungus level 
in the diet could indicate an imbalance of 
amino acids in these rats as a result of de-
creased feed intake. Thus, excess amino acids 
would have to be deaminated. Nitrogenous 
substances in the fungi such as glucosamine in 
the cell wall, and nucleic acids would also 
contribute to urea nitrogen. 
Selye (1950) has explained that many 
types of dietary deficiencies could act as 
stressor agents in exerting effects upon blood 
components. The highest levels of fungus 
could have resulted in some measure of stress, 
related to the decreased feed intake and pos-
sible deficiency of methionine. This might 
have depressed the albumin synthesis, and ex-
erted a physiological influence on the ACTH 
to bring about small changes in the leukocyte 
counts. Volesky et al. (1975) fed diets con-
taining fungus grown on natural gas to rats 
for 5 months. They found growth depression, 
decreased leukocyte counts, and increased 
kidney weights, but no pathological changes 
were observed at autopsy. 
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Pilot Plant for Single-Cell Protein Production 
J. Santos N. and G. G6mez1 
A process for microbial protein production, using cassava as the energy substrate, 
was developed and tested at a laboratory scale at the University of Guelph. The micro-
organism used was the fungus Aspergillus fumigatus I-21A an asporogenous mutant that 
could grow under very selective conditions of temperature (45 °C) and pH (3.5). A pilot 
plant has been built at CIAT to test the technology developed, at a laboratory scale, and 
to produce a sufficient quantity of biomass for practical evaluation in animal feeding, 
notably in swine. Preliminary results obtained at the pilot plant are reported, suggesting 
a potential of the process once completely safe operational procedures can be established. 
A feeding trial with fungal biomass obtained at the pilot plant indicates that the product 
has a good nutritive quality if methionine is adequately supplemented. 
Root crops including cassava (Manihot es-
culenta) are commonly grown throughout the 
tropics for food and contribute a considerable 
proportion of the total caloric intake of the 
human population (FAO 1973). Cassava has 
become the staple food of more than 200 mil-
lion people throughout the tropics (Coursey 
and Haynes 1970). · 
The prospects for increasing cassava pro-
duction in tropical areas are very promising, 
not only as a consequence of an increase in 
the area planted in cassava but notably as a 
result of improved technology, whieh suggests 
that drastic improvements in crop yield could 
be· readily obtained by appropriate genetic se-
lection and cultural practices (CIAT 1975, 
1976). 
Because pigs are efficient converters of the 
high energy content of cassava roots, the 
greatest possible increase in cassava utilization 
as an animal feed is most likely to occur in 
swine feeding. Extensive experimental infor-
mation is available on the use of cassava roots 
in swine feeding. 
The most important factor for determining 
the use of cassava as an animal feed is its 
price in relation to alternate energy sources 
and its dependence on the price of supple-
mentary protein sources (Phillips 1974). Be-
cause of its low protein content as compared 
with cereals, any substitution of cassava 
(fresh, ensiled, or dried) for cereals in mixed 
feeds would be accompanied by an increased 
requirement of supplementary protein. Ex-
perimental data indicate that a life-cycle feed-
ing program for swine based on the use of 
cassava meal or flour requires approximately 
60-65% more protein supplement (soybean 
lCentro Internacional de Agricultura Tropical 
(CIAT), Apartado Aereo 67-13, Cali, Colombia. 
meal) than a similar feeding program based 
on common maize (Gomez et al. 1976). There-
fore, the potential of cassava as an animal feed 
in the tropics will depend to a great extent on 
the availability of conventional protein or on 
the development of new protein sources. 
Conventional protein sources such as fish 
meal and soybean meal, although being 
used increasingly for human nutrition, are 
becoming so high in price that their use in 
swine feeding will be restricted in the future. 
Other protein sources such as cottonseed meal 
are of limited use because of their toxic 
nature. In addition, in many cassava-produc-
ing areas it is difficult to grow other crops (i.e. 
soybeans) that will provide the protein re-
quired to balance the animal feeding pro-
grams adequately. The need to find alternate 
nonconventional feed proteins is becoming in-
creasingly important. 
The process for converting cassava into 
microbial protein is an attractive area of re-
search for those cassava-producing areas 
where animal production - notably swine -
could be significantly increased. The produc-
tion of microbial protein from cassava would 
substantially upgrade the value of the feed 
and result in a nutritious product. 
The existence of both a cassava program 
and a swine production unit at CIAT makes 
it especially advantageous to undertake a proj-
ect for the production of a fungal protein on 
a pilot plant scale. CIAT has completed the 
construction of this pilot plant to study the 
different aspects involved in the production 
of fungal protein using cassava as a substrate. 
This work is being done in cooperation with 
the University of Guelph under the auspices of 
the International Development Research 
Centre of Canada. 
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Fig. I . Th e pilot plant used to produce microbial protein using cassava roots as the 
energy source at the CIAT swine unit. 
The Pilot Plant Process 
The pilot plant at CIA T was built during 
1976 and began operating by early 1977 (Fig. 
l ) . The following equipment has already been 
installed : a washer, a rasper, two self-aspirat-
ing fermentors (the starter and main fer-
mentors with working capacities of 200 and 
3000 litres, respectively) and a roller-press 
harvester. The first two machines, built in 
Colombia, are normally used in the starch fac-
tories fou nd around the Cauca Valley. The 
two ferme ntors and the biomass harvester 
were designed and built at the U niversity of 
Guelph. T he characteristics of the fermentors 
have been described elsewhere (Azi et al. 
1975) . A single-cell protein (SCP) laboratory 
has also been allocated and equipped in a locale 
adjacent to the pilot plant. A Microferm, 10-
litre bench-scale fermentor (New Brunswick 
Scientific Co., New Brunswick, N.J.) , designed 
for batch fermentations and continuous cul-
ture of microorganisms, was installed in the 
SCP laboratory. In addition, accessory facili-
ties consisting of racks and wooden trays for 
sun and air drying of the biomass are located 
in an area adjacent to the pilot plant. 
A detailed description of the basic aspects 
of the process was given by R eade and Greg-
ory (1975) . The process was designed to op-
erate with a minimum of instrumentation. 
The parameters for monitoring culture growth 
are temperature, pH, and dissolved oxygen. 
Although these parameters would not neces-
sarily be required in practical production 
units, they facilitate research in that they 
confirm ex perimental information obtained on 
a laboratory scale at the University of Guelph. 
Both fermentors were provided with side 
openings for the insertion of instrument 
probes, which are controlled by means of a 
master switch box. The composition and prepa-
ration of the medium for the laboratory, the 
200, and 3000 litre fermentors are basically the 
same as previously described (R eade and 
Gregory 1975) . 
T he pilot plant process starts with either 
fresh cassava roots or cassava meal or flour. 
When fresh roots are used , they are washed to 
remove the soil and sand clinging to the out-
side. Next, the whole roots including the peel 
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are rasped to break open the cell walls to 
facilitate the suspension of the starch granules 
in the fermentation medium. The rasped cas-
sava is then transferred to the fermentor, 
which is then half filled with water previously 
heated to about 70 °C by the passage of steam 
through a heat exchanger; in the case of the 
large (main) fermentor, a hoist and bucket 
arrangement is used to lift the rasped cassava. 
The high temperature of 70 °C needs to be 
maintained for about 10 min to gelatinize the 
starch and prevent the development of fungi-
static activity in the mash (Reade and Greg-
ory 1975; Gregory et al. 1976). More water is 
added to the tank to bring the fermentor al-
most to its full operating volume, as well as to 
lower the temperature of the fermentation 
medium to about. 46-47 °C. The remaining 
ingredients necessary to complete the ade-
quate nutrient supply for optimal growth of 
the microorganisms are urea and monopotas-
sium phosphate, which are added to the med-
ium while stirring. Sulfuric acid (9 N) is then 
used to bring the initial pH of the medium to 
3.5. The fermentor is now ready for inocu-
lation of the microorganism. Fermentation is 
usually completed within 20 h; temperature is 
maintained throughout the fermentation per-
iod by means of ·a temperature controller, 
which actuates a solenoid-controlled water 
valve to regulate the flow of cooling water at 
ambient temperature. At the end of the fer-
mentation period, the biomass is harvested 
and can be fed fresh or sun/ air dried to be 
subsequently incorporated into composite diets 
for animal feeding (Fig. 2). 
Standardization of the process was done 
with the 200-litre fermentor using either fresh 
cassava roots or cassava meal. Because people 
working in the pilot plant might be allergic 
to or infected by spores from revertants of the 
asporogenous Aspergillus fumigatus I-21A or 
by hyphal fragments (Sidransky 1975), special 
safety precautions have been taken so pre-
liminary observations, as well as the work 
under way, are being obtained with the 200-
litre fermentor. Use of the 3000-litre fermen-
tor awaits better defined safety precautions, 
from a microbiological aspect (Gregory 1977), 
as well as from experimental results at CIA T's 
pilot plant. 
Preliminary Results 
The microorganism used was Aspergillus 
fumigatus I-21A (ATCC 32722) (Reade and 












Fig. 2. Flaw diagram of cassava single-cell pro-
tein fermentation. 
Gregory 1975). This fungus is an asporogen-
ous mutant; therefore, the problem of asper-
gillosis (inhalation of spores) is practically 
eliminated or significantly reduced. Although 
a biomass harvester is now installed _in the 
pilot plant, the information presented herein 
was obtained without the use of this machine; 
the harvesting of the final biomass was per-
formed by emptying the contents of the fer-
mentation tank into burlap sacks and squeez-
ing it to remove the water, first manually and 
then with a wine press to obtain a partially 
dried product, which was placed on wooden-
framed trays for further drying by exposure 
to sun and air. 
Average data from fermentations with the 
200-litre tank, using either fresh chopped 
cassava roots or cassava meal or flcmr 
as the substrates, are shown in Table 1. 
The amount of either fresh roots or cas-
sava meal used in each fermentation was 
determined by the content of total carbohy-
drates of the substrate so as to obtain an initial 
carbohydrate concentration in the fermenta-
tion medium of approximately 4% (w/v). 
The yield of the dried biomass was similar for 
both substrates when expressed on a dry matter 
basis. The crude protein content of the final 
dried product was about 28 % , which is lower 
than that reported for laboratory results 
(Reade and Gregory 1975; Gregory et al. 
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Table 1. Results of fungal protein (Aspergillus 
fumigatus I-21A) production in a 200-litre fermentor 
using fresh roots or cassava meal as substrates. 
Fresh cassava roots1 
Amt. of cassava mash (kg) 
Amt. of sun-dried biomass obtained (kg) 
Product yield (g/litre) 




Fresh cassava(%) 16 .9 
Cassava, dry matter basis(%) 48 .5 
Crude protein content in dried biomass (%) 28 .6 
Cassava meal 2 
Amt. of cassava meal (kg) 11 . 5 
Amt. of sun-dried biomass obtained (kg) 5 .4 
Product yield (g/litre) · 27 .0 
Yield: weight of dried biomass to cassava 
meal(%) 47.0 
Crude protein content in dried biomass 28 .2 
1Mean of 10 fermentations. 
2Mean of 5 fermentations. 
1976). The biomass, when water was partially 
extracted with a wine press, was dried easily 
when exposed to sun and air; the material 
became dark and hard when dried in an oven. 
A biological evaluation with growing rats 
was performed to ascertain the nutritive qual-
ity of the ·total or crude protein content of the 
dried biomass resulting from fermentations 
with either fresh roots or cassava meal as sub-
strates. Since this fungal protein has been re-
ported (Gregory et al. 1977) to be deficient 
in sulfur-containing amino acids - notably 
methionine - the effect of the addition of this 
amino acid was also studied. Table 2 presents 
the experimental results obtained with grow-
ing rats. Total weight gains over a 28-day ex-
perimental period were very poor for the diets 
based on the unsupplemented biomass; methi-
onine supplementation significantly improved 
th•! protein quality of the fungal protein, re-
sulting in· body weight gains similar to those 
obtained with casein and superior to soybean 
meal protein. PERs (protein efficiency ratio: 
g body gain/ g protein consumed) were ad-
justed so that standard casein was used as a, 
reference with a value of 2.5; methionine-
supplemented microbial protein exhibited ad-
justed PER values similar to those for casein. 
Because of the biohazard for the personnel 
working at the pilot plant, with regard to 
aspergillosis derived either from inhalation of 
revertants producing spores or from hyphal 
fragments (Sydransky 1975) carried in the 
aerosols formed at harvesting (Gregory 1977), 
special safety precautions were taken to re-
duce risks to a minimum. For these reasons 
and until completely safe conditions can be 
assured for the personnel, Hie fermentation 
will be carried out in the 200-litre fermentor. 
There are several aspects that need to be 
studied with the starter fermentor before 
progress can be obtained to the extent of using 
the 3000-litre fermentor. However, despite the 
present uncertainties, especially as regards 
safety aspects, the process seems to be very 
promising for practical application in cassava-
producing areas to solve partially the increas-
ing demand for protein supplements for cas-
sava feeding programs, notably for swine. 
-Table 2. Effect of methionine supplementation on the protein quality of fungal biomass grown on a 
cassava medium and fed to rats (avg. for IO male rats per group; 28-day experimental period; 
avg. initial weight 41.2 ± 2.1 g) 
Biomass produced on 
Fresh cassava Cassava meal 
Control Soybean +0.3% without +o.3% without 
casein meal methionine methionine methionine methionine 
Total feed intake (g) 302.6" 308.8" 296.0" 195.6b 323.70. 198.8b 
Total weight gain (g) 78.2a 68.2b 74.8" 24.2C 85.o .. 29.7C 
Feed/gain 3 .9° 4.5C 4.0° 8 .5" 3 .8° 6.9b 
Absolute PER 2.6 2.3 2.5 1.2 2.6 1.5 
Adjusted PER 
(for standard casein 2.5) 2.5a 2.2b 2.5" }.2C 2.5" }.5C 
NOTE: values with a common superscript are not significantly different. 
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Whole Plant Utilization of Cassava for Animal Feed 
Alvaro Montaldo1 
Cassava is an important food crop in the tropics. The roots and foliage (leaves and 
stems) are used both fresh and dry in animal nutrition. The root is a good carbohydrate 
source (80-90% ). The aerial part of the plant is composed of stems, branches, and 
leaves, and has been shown to have a protein content as high as 17%. Foliage can be 
cut from the plant at 4 months, and then every 60-75 days to give 4 t of crude protein 
per hectare per annum. 
In Venezuela, cassava meal can be produced for about one-fifth the cost of imported 
alfalfa meal. By using cassava products for 70% of the rations it is estimated that 6 kg 
of poultry .meat, 5 kg of swine meat, and 200 eggs per person could be supplied to the 
2.3 billion people in the tropics using only a fraction of the area that would be required 
for an equivalent production of animal products based on cereals and oil seed crops. 
Cassava is one of the twelve most important 
food crops in the wqrld in terms of both area 
planted and total production (105 X 106 
tonnes). However, in the low and humid 
tropics it is second only to rice in importance. 
Brazil, Indonesia, Nigeria, Zaire, Thailand, 
India, and Burundi are the most important 
cassava producing countries. Burundi, India, 
Thailand, and Brazil have the highest mean 
yields with values of 22.2, 16.5, 14.8, and 12.7 
t/ha, respectively. 
Comparing mean production and area data 
during the period 1961-65 with the area and 
corresponding production figures for the year 
1975 (Table 1), it can be seen that in Africa, 
Asia, and Central America the percentage in-
crease in production has been larger than the 
increase in the area under cassava cultivation. 
In South America and the Pacific, however, 
the increase in area has not resulted in a· cor-
responding increase in production. 
Cassava is used in three main ways: (1) for 
human nutrition; (2) for animal nutrition; (3) 
for industrial production of starch and its 
derivatives, alcohols, and as a substrate for 
single-cell protein production. Phillips (1974) 
has estimated that by 1980 the EEC could be 
using 9 million tonnes of pelleted cassava for 
animal feeding. This represents about 27 mil-
lion tonnes of fresh cassava roots. 
In the last 15 years the culture of cassava 
has received a great deal of attention because 
of the rediscovery of the importance of this 
long-cycle crop, especially its potential as a 
carbohydrate source for the tropics. Much 
work has been conducted on physiology, soils, 
fertilizers, agronomy, breeding, and disease 
and insect resistance. However, the production 
1Facultad de Agronomfa, Universidad Central 
de Venezuela, Maracay, Venezuela. 
of carbohydrates from root crops is still ex-
pensive compared with maize and sorghum 
due to the lack of practical application of 
good planting material, good and opportune 
agronomic practices, and appropriate mecha-
nization of planting and harvesting. With the 
use of cassava foliage as a protein source, 
new agronomic methods must be developed to 
allow the permanent cutting of cassava 
foliage. 
The problem of vascular streaking of the 
roots due to enzymatic activity after 48 h 
remains unsolved. Another problem is the lack 
of processing equipment and techniques for 
medium and large-scale factories specifically 
designed for cassava. 
Cassava Roots as Animal Feed 
A transverse section of the reserve root 
shows two principal divisions: the bark and 
the central cylinder or pulp. The proportions 
of bark in the root have been variously re-
ported to be 11-22 % (Barrios and Bressani 
1967) and 14-21 % (Mota 1970). The princi-
pal part of the central cylinder is the secondary 
xylem, which comprises parenchyma, vessels, 
and fibres. It is this secondary xylem that is 
the principal storage area for starch. 
Carbohydrates 
The bark contains higher percentages of 
crude protein, fat, minerals, and crude fibre 
than the central cylinder where the highest 
concentrations of carbohydrates are found 
(Table 2). Lim Han Kwo (1968) compared 
the carbohydrate content of cassava root prod-
ucts with that of sorghum and maize (Table 
3). The calculated nutritive value of cassava 
was higher than that of either maize or sor-
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Table 1. Total production (t. X 10 3) and area under cultivation (ha X 103) of cassava (FAO 1975). 
Production Area 
1961-65 % 1961-65 % 
(mean) 1975 increase (mean) 1975 increase 
Africa 33662 43972 30.63 5713 6057 6.02 
Asia 18416 28814 56.46 2274 2811 23.61 
C. America 540 769 42.40 90 116 28.88 
S. America 25205 31432 24.70 1934 2547 31.69 
Pacific 171 221 29.23 16 20 25.00 
World total 77995 105209 34.89 10027 11551 15 .19 
Table 2. Proximate analysis (%) of the reserve roots of two varieties of cassava 
(Barrios and Bressani 1967). 
Moisture Fat 
Papa 
Whole root 66.7 1.02 
C. cylinder 65.6 0.87 
Bark 71.5 1.93 
Chilca 
Whole root 70.2 1.07 
C. cylinder 68.4 1.01 
Bark 71.3 2.89 
ghum. Ketiku and Oyenuga (1970) reported 
that the cassava root contains sucrose, 
maltose, glucose, and fructose; sucrose being 
the most important. Starch constitutes the 
bulk of the soluble carbohydrate. Sreerama-
murthy (1945) studied the digestibility of the 
carbohydrates and found that in the raw state 
the value was 48.3 % and that after cooking 
it rose to 77.9%. The starch was digested to a 
greater extent by "taka" diastase than by 
pancreatic amylase. 
Until recently, the main uses for cassava 
were as a direct human energy food and as a 
product for the starch and derivatives indus-
tries. Therefore, most of the chemical analyses 
were made on the central cylinder where the 
majority of the starch is stored. With the in-
creasing use that is now being made of the 
entire root for the making of meals and pel-
lets for animal feeding, it is necessary to re-
consider analytical values to take into account 
the products derived from the bark. 
Protein 
Compared with sorghum and maize, the 
crude protein level of cassava products ( =2 % ) 
is low (Maner 1973). The protein content of 
refined flour is very low (0.3%) because the 
Crude Crude 
fibre protein Ash Carbohydrate 
4.88 2.55 3.30 88.25 
3.49 2.03 2.80 90.81 
9.16 4.56 4.21 83.45 
6.97 2.68 4.02 85.26 
5.12 1.90 3.23 88.74 
17 .18 5.57 6.00 60.00 
product is screened to eliminate all possible 
remains of bark. 
The levels of both total nitrogen and non-
protein nitrogen are higher in the bark than 
in the central cylinder and the whole root 
(Table 4). Maner reports that these results do 
not agree with those found by Oyenuga 
(1955), who indicated that 62 % of the N in 
the whole root was true protein and that 87 % 
of the nitrogen in the bark was derived from 
true protein. Splittstoesser and Rhodes (1973) 
investigated six cassava varieties and reported 
crude protein values of 1.47-5.18%. 
Sreeramamurthy (1945) investigated the N 
content of cassava and found that most of the 
N existed as simple nitrogenous compounds. 
Both the protein and nonprotein fractions con-
tained the amino acids tyrosine, tryptophan, 
and cystine in fair amounts and had high 
levels of arginine. The digestibility of cassava 
root proteins was similar to that of rice pro-
tein. 
Table 5 indicates that values for crude pro-
tein range from 3.93 to 10.05%, with 15 of 
20 Venezuelan varieties having values of over 
6%. These values are higher than those re-
ported by Maner (1973), Splittstoesser and 
Rhodes (1973), Sreeramamurthy (1945), Lim 
Table 3. Nutritive value of different cassava root products compared with sorghum ancf maize (Lim Han Kwo 1968). 
Calculated digestible Digestibility 
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Table 4. Total nitrogen (N) and nonprotein nitrogen (NPN) levels of three cassava varieties 
(Maner 1973). 
Fresh Dry Oven dry 
Moisture N NPN N NPN N NPN 
(%) (%) (%) (%) (%) (%) (%) 
CMC-84 
Whole root 63.9 0.16 0.063 0.45 0.20 0.36 0.18 
C. cylinder 64.3 0.12 0.073 0.33 0.17 0.35 0.16 
Bark 76.0 0.33 0.160 1.37 0.67 0.78 0.38 
CMC-60 
Whole root 70.2 0.14 0.068 0.48 0.23 0.40 0.24 
C. cylinder 68.1 0.10 0.066 0.31 0.21 0.32 0.21 
Bark 71.9 0.20 0.140 0.71 0.50 0.85 0.46 
CMC-11 
Whole root 58.62 0.36 0.240 0.86 0.57 0.69 0.54 
C. cylinder 58.24 0.32 0.200 0.80 0.48 0.65 0.46 
Bark 64.06 0.41 0.290 1.14 0.81 1.10 0.80 
Table 5. Proximate analyses of roots of 20 Venezuelan cassava varieties. 1 
D.M. D.M. Ether 
60°C 100 °C C.P. ext. C.F. Ash NFE 
(%) (%) (%) (%) (%) (%) (%) 
UCV-2144 32.12 89.93 6.78 0.55 4.66 2.23 85.77 
UCV-2187 38.40 90.33 8.08 0.33 3.00 1.86 86.72 
UCV-2135 39.05 90.30 6.07 0.51 3.13 1.87 88 .40 
UCV-2154 36.62 90.33 6.33 0.50 3.28 1.54 88.34 
UCV-2134 34.33 89.37 7.38 0.55 2.74 1.68 87.64 
UCV-2155 33.05 90.77 7.09 0.83 4.35 1.80 85.93 
UCV-2149 35.34 90.73 5.90 0.56 2.53 2.17 89.09 
UCV-2192 33.81 90.27 6.03 0.54 3 .19 2.07 88.34 
UCV-2142 32.23 89.03 8.17 0.44 3 .12 1.74 86.53 
UCV-2175 33.73 90.46 10.05 0.54 2.85 1.87 84.68 
UCV-2178 32.04 90.36 9.11 0.41 3.26 1.83 85.38 
UCV-2186 30.38 90.03 8.10 0.64 4.84 2.32 84.08 
UCV-2194 41.73 89.63 4.15 0.51 2.93 1.61 90.78 
UCV-2062 31.65 89.13 4.92 0.49 2.74 1.77 90.16 
UCV-2106 37.04 90.40 6.50 0.48 3.24 1.43 88.33 
UCV-2110 35.02 90.50 6.93 0.47 2.65 2.54 87.41 
UCV-2105 30.51 89.87 8.33 0.67 5.51 2.77 82.71 
UCV-2112 33.09 89.53 3.93 0.53 2.39 1.63 91.51 
UCV-2137 33.96 89.67 .5.87 0.47 2.89 1.88 88.87 
UCV-2196 31.40 89.77 7.57 0.52 3.06 2.41 86.42. 
1 Analyses of whole reserve roots from plants IO-months-old, not fertilized or treated with any chemicals (values are means for 
3 samples). Analysis by J. Perdomo, Facultad de Ciencias Veterinarias, Universidad Central de Venezuela, Maracay. 
Han Kwo (1968), and Barrios and Bressani bitter in taste, the rest are sweet. There was 
(1967). no clear association between bitterness and 
The crude fibre levels reported are lower high protein content. 
than those found by Barrios and Bressani 
(1967); whereas, the levels of the ether ex- Amino Acids 
tract and the percentage ash content are The amino acid levels of cassava root are 
lower. given in Table 6 (Maner 1973). The levels of 
The first five clones listed in Table 5 are lysine and tryptophan are high in the true pro-
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Table 6. Amino acid analysis of roots of Llanera 












1 Based on only I sample. 
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tein fraction, the levels of methionine and 
cystine are low. 
Minerals 
Barrios and Bressani (1967) reported that 
under dry conditions the mineral content of 
cassava root bark is higher than that of the 
central cylinder. Calcium values in the whole 
root range from 15 to 129mg/100 g, P values 
are constant throughout the roqt at about 100 
mg/ 100 g. The content of Fe varies from 32 
mg/ 100 g in the central cylinder to 77 mg/ 
100 gin the bark. Lira and Fernandes (1964) 
report high values for some minerals in cas-
sava flour from the Amazon region: up to 
100 mg/ 100 g Ca; 71 mg/ 100 g P; but only 
6.5 mg/ 100 g Fe. 
Fats 
According to Hudson and Ogunsua (1974) 
cassava flour contains about 2.5% lipids, 
about half of which are extractable with con-
ventional solvents. The extractable lipids were 
mainly polar, the principal group being galac-
tosyl diglycerides, and a new lipid, tetragalac-
tosyl diglyceride was described. The com-
ponent fatty acids were relatively saturated 
compared with the structural lipids of the 
potato. 
Vitamins 
Maravalhas (1964a,b), studying the caro-
tenoids in the root of yellow fleshed cassava 
varieties from the Amazon basin, found that 
100 g of fresh material contained: 1.35 mg 
a-carotene; 0.50 mg ,8-carotene; and 0.50 mg 
hydroxycarotene. These carotenoids are not 
lost in the preparation of meal from the cas-
sava root. Riboflavin levels in fermented cas-
sava mash were found to be 0.03 mg/ 100 g by 
Ankrah (1972). The preparation of meal did 
not significantly alter this level. Rojas (1968) 
determined the vitamin C content of the roots 
of six cassava clones from Peru: for raw 
samples the values were 38.5-64.6 mg; for 
fried samples 29.1-47.8 mg; for boiled samples 
21.5-40.6 mg; and for dry roots 2.8-13.0 mg. 
Raymond and Jojo (1941) reported values of 
2000 mg of vitamin C per 100 g of cassava 
leaves following an extraction and vacuum 
concentration of the juices. 
HCN 
Marcano (1965), working with Venezuelan 
varieties found HCN levels of 167-260 mg/kg 
of fresh root. Gondwe (1974) reported HCN 
levels (mg/kg) of fresh products as: 568-620 
in young leaves; 400-530 in mature leaves; 
608-950 in root bark; and 45-330 in the pulp. 
The enzyme rhodanase is responsible for 
the reaction of HCN with thiosulfate or col-
loidal sulfur under aerobic conditions to pro-
duce the detoxification product, thiocyanate 
(Oke 1973a). Vitamin B12 can react with cya-
nide to produce another means of detoxifica-
tion. Cystine reacts with cyanide to form 
cysteine and other compounds that are ex-
creted. Studies on the chronic toxicity of cas-
sava and/ or added cyanide have been per-
formed by Maner and Gomez (1973) with rats 
and pigs. Methionine supplementation signifi-
cantly improved body growth and feed con-
version of animals fed cassava-based diets, 
and led to an increase in urinary excretion of 
thiocyanate. The improvement of protein 
quality and the utilization of methionine-
sulfur in the detoxification processes appear 
to be the main reasons for the response to 
methionine supplementations. 
Sinha et al. (1970) studied the effect of the 
application of N (urea) on the HCN content 
of cassava roots. Foliar spray application of 
urea reduced the HCN content by 55-67% 
compared with soil application. The applica-
tion of half to the soil and half to the foliage 
gave a decrease of 23-50% in HCN content. 
Diseases and Pests of Flours and Foliage 
Nagarajan et al. (1973) reported a blue 
fluorescent compound from fungus-infected 
cassava chips that was not aflatoxin. However, 
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the importance of screening for aflatoxin must 
be stressed. Schmidt (1966) in an analysis of 
50 cassava food products found a high level 
of bacteria and fungi. Half of the samples con-
tained more than 18 million bacteria per gram. 
Almost one-third of the samples contained a 
high level of fungi (over 100 000/ g) and ap-
proximately one-quarter of the meal and 
chips contained more than 200 000 fungi/ g. 
Aspergillus fiavus, A. fumigatus, A. cheva-
liere, A. terreus, and Penicillium rubrum were 
found. The author concluded that the high 
microorganism content of many of the cassava 
food products could make them harmful for 
consumption. 
Studies made by Pillai (1976) in India re-
vealed cassava chips of two varieties were sig-
nificantly superior to all other varieties tested 
in their resistance to the storage pest Arae-
ceras f asciculatus. Dry cassava products such 
as flours or pellets kept for 3-6 months with-
out suffering damage. Dry cassava products 
have a moisture content of 10-12%, and for 
storage it is not economically feasible to re-
duce this further because of the prevailing 
climatic conditions in tropical countries. In-
gram and Humphries (1972) quoting different 
authors, advise treatment with methyl brom-
ide, ethylene dibromide, or a mixture of di-
bromide methyl and carbon tetrachloride to 
control pests in dry cassava products. 
Silage 
Serres and Tillon (1972) prepared cassava 
root silage in a cylindrical cement vat, in a 
ditch covered with plastic, and in a metal vat. 
The silage prepared in the cement vat was 
acceptable when fed to cattle and swine. In 
Colombia (Instituto de Investigaciones Tec-
nologicas 1975) tests have been made with 
field clamps and boxes with moist sawdust 
with satisfactory results. 
Refuse 
Greenstreet and Lambourne (1933) advise 
the use of cassava refuse for the extraction of 
starch for feeding pigs. Cassava waste on a 
fresh basis contains: 23.3% starch; 0.5% 
crude protein; 2.2% crude fibre; and 0.4% 
ash. On a dry basis it contains 88.3 % starch; 
1.9% crude protein; 8.3% crude fibre; and 
1.5% ash. This product can be used fresh if 
an animal farm is close by; or if a dehydrator 
is used in the main plant, the product can be 
dried and used as a filler in composite feed. 
Cassava Foliage as Animal Feed 
The aerial part of the cassava plant is com-
posed of stems, branches, and leaves. The 
stake that is planted gives rise, at its apical 
end, to one or more stems. Each stem, some 
40-50 cm from the soil becomes branched 
(usually three times). The stem has a bark 
and a central cylinder. The leaves are alter-
nate, simple, and have a short life of 1-2 
months. The mean size of the leaves is 14-17 
cm; the petioles are long and thin (20-40 cm). 
In 4-month-old plants (11 clones) the mean 
proportion of the different parts was: stems 
and branches 42 % ; leaf blades 36%; and 
leaf stalks and petioles 22 % . In adult plants 
(12-months-old) the proportions were: stems 
and branches 81 % ; leaf blades 7 % ; and leaf 
stalks 12%. Bangham (1950), Echandi (1952), 
Juarez (1955), and Miranda et al. (1957) 
were among the first to suggest the possible 
value of cassava leaves for animal feed. The 
main products supplied by cassava foliage 
(leaves and stems) are: protein, carbohydrates, 
and vitamins. 
If cassava leaves are to be used for feeding 
animals it is essential that mechanical harvest-
ing devices be developed that are able to 
harvest different parts of the foliage from 4 
months age in a cycle of 60-75 days. Cassava 
plants are able to support this treatment for 
several years (Fig. 1), provided they are ade-
quately irrigated and fertilized. 
Protein 
The protein content of cassava leaves and 
foliage compared with other plants is given in 
Table 7. Echandi (1952) compared the pro-
tein content of cassava foliage meal (leaves 
and stems) with alfalfa and found the per-
centages of crude protein to be 16.9 and 17.0, 
respectively. The cassava was judged to be 
superior because it had less fibre and higher 
concentrations of fat and carbohydrate. In 
feeding trials with milk cows, the cassava meal 
proved to be economically superior under 
tropical conditions. 
Juarez (1955) investigated the root and leaf 
production of 16 cassava varieties and found 
that when the leaves were cut at 7 months 
there was a decrease in root yield at harvest 
(11.5 months). The total yield of leaves could 
be increased by cutting at 7 and 11.5 months. 
The protein content of the leaves of two varie-
ties was 15.8 and 20.3%, compared with 
MONTALDO: WHOLE PLANT UTILIZATION 101 
Fig. I. With adequate irrigation and fertilization cassava plants are able to support 
foliage harvesting for several years. 
20.3% for alfalfa (dry weight basis) . Paula 
(1952) and Paula and Cavalcanti (1952) after 
analyzing the amino acid content of cassava 
leaves emphasized the value of this product 
as an animal feed. Valor <las Folhas (1968) 
recommended the use of cassava leaves for 
feeding laying hens. 
Adrian et al. (1969) recorded the serious 
methionine deficiency in the amino acid profile 
of cassava, and mentioned that the industrial 
extraction of cassava leaf protein is difficult 
because the nitrogen fraction is only soluble at 
pH 12. However, it should be remembered 
that when cassava foliage is fed as meal there 
is no need for an expensive industrial extrac-
tion process. 
Gramacho (1973) found that cassava leaf 
blades were very high in protein (30.5% ) , 
compared with a value for the whole foliage 
of 13.0%. Velloso et al. (1967) conducted 
feeding trials with cassava, alfalfa, soybean, 
and capim pangola. In the trials, alfalfa was 
replaced by the other tropical plants in swine 
rations at a level of 5% of the total ration. No 
significant differences were found among the 
treatments or between the sexes. 
Van Veen (1938) pointed out the impor-
tance of cassava leaf consumption as a sup-
plement to carbohydrates in root diets. He 
concluded that cassava had as good a supple-
mentary value as rice protein, but that it was 
slightly inferior to soybean protein. 
Pirie (1960), based on experiments with 
rats, chickens, and pigs, concluded that the 
value of isolated plant protein was as good 
as or higher than fish protein. Montilla ( 1976) 
reported the proximal analysis of 11 com-
posite samples of cassava foliage on a dry 
matter basis: crude protein 21.7 % , ether ex-
tract 3.7 % , crude fibre 19.5% , NFE 44.6%, 
and ash 10.5 % . At CIAT (1973) trials of dif-
ferent planting densities ( 110 000 vs. 28 000 
plants/ ha) on the production of cassava foliage 
consistently gave the highest yield of dry mat-
ter and protein with the closer planting density. 
In general, the protein content of dry cas-
sava leaves averages 25%; when the entire 
foliar part of the plant is used this value is 
17.2 % . This is comparable with alfalfa hay 
(17.4 % ); however, cassava gives a much 
higher yield per hectare, and alfalfa is hardly 
adapted to the type of ecological conditions 
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Table 7. Crude protein content (%) and crude 
fibre content (%) of cassava leaves and foliage 
compared with other plants (authors as indicated). 1 
Fresh Leaves 
Cassava (mean) (1, 12, 13) 
Desmodium barbatum (2) 
Stylosanthes ingrata (2) 












Cassava (mean) (1, 4, 6-8, 11, 12) 25.0 13.3 
Dry Foliage 
Cassava (mean) (3-7, 9, 10, 14) 
Desmodium barbatum (2) 
Stylosanthes ingrata (2) 
Pueraria phaseoloides (2) 
Stylosanthes gracilis (8) 
Pe1111iset11m purpureum (8) 
Panicum maximum (8) 
Brachiara brizantha (8) 
Digitaria decumbens (14) 





















1(1) Barrios and Bressani 1967; (2) Bermudez 1973; (3) CIAT 
1973; (4) Conceicao et al. 1973; (5) Echandi 1952; (6) FAO 
1975; (7) Gramacho 1973; (8) Lim Han Kwo 1968; (9) Montaldo 
and Montilla 1976; (IO) Montilla 1976; (11) Pechnik et al. 
1962; (12) Rogers and Milner 1963; (13) van Veen 1938; and 
(14) Wu Leung and Flores 1961. 
where cassava grows. The crude protein con-
tent of cassava is higher than most tropical 
plants growing und1!r the same conditions. 
Amino Acids 
Pechnik et al. (1962) determined the amino 
acid content of cassava leaves as follows: es-
sential - arginine, histidine, leucine and/ or 
phenylalanine, methionine and/ or valine, 
tryptophan, and threonine; nonessential -
aspartic acid, alanine, cystine, glycine, glu-
tamic acid, hydroxiproline, proiine, serine, and 
tyrosine. 
Eggum, working on the biological evaluation 
of cassava leaf protein in rats, found that the 
true protein digestibility was 70-75%, and 
that the biological value ranged from 49 to 
57 % . Although the net protein utilization is 
low, Eggum (1968) states that because of the 
high N content of the leaves, the utilizable N 
is twice that of cereals. Eggum (1970) sup-
plied N requirements by: (1) half cassava leaf 
meal and half dry codfish; and (2) cassava 
leaf meal supplemented with synthetic methi-
onine. Dry codfish contains a higher quantity 
of all essential amino acids, including methi-
onine, and certainly the biological value of its 
protein is superior (78 % vs. 48 % for cassava 
leaf protein). When these two protein sources 
were combined the biological value of the pro-
tein rose to 73 % . With the cassava leaf meal 
supplemented with methionine, the biological 
value was increased to 80.4%, and the utiliz-
able N went from 2.04 to 3.20%, which is 
high for a foliar product. The net protein 
utilization, originally 36.4% for cassava leaves, 
increased to 58.7% when combined with dry 
codfish and 56.5% when supplemented with 
methionine. 
Oke (1973b) compared the amino acid con-
tent of the leaf and root protein of cassava 
with the F AO essential amino acids reference 
pattern. Cassava leaves and roots are low in 
methionine with values of 1. 7 and 1.2 g/ 100 g 
of crude protein compared with 2.2 for the 
FAO reference pattern. Lysine is high in the 
leaves (7.2) and low in the roots (3.9) com-
pared with FAO (4.2). Oke suggested that the 
leaves could be used as a supplement to cereals 
in feeding. 
Oke also extracted protein from different 
tropical leaves and found that of the seven 
tropical feeds compared, cassava had the 
second highest value of weight of N extracted, 
and also the second highest value for percent-
age of N extracted. The combination of these 
values makes cassava leaves a good source of 
crude protein. 
Millier et al. (1974) reported the amino 
acid content of cassava foliage and found it to 
be similar to grains and legumes (Table 8). 
Their results showed a tendency of higher 
values for essential amino acids in the foliage 
of cassava, except for arginine and leucine. 
Singh (1964) studied the leaf protein ex-
traction of 38 cultivated species. Total nitro-
gen and protein nitrogen were determined. 
Samples of crude protein were also prepared 
and analyzed for nitrogen content. Protein 
extraction from the leaves was low as shown 
by the values of extractable N as a percentage 
of total N in the leaves of 10.0 for cassava and 
55.4 for alfalfa, and the values for extractable 
protein nitrogen as a percentage of total N in 
the leaves of 5.0 for cassava and 42.2 for alf-
alfa. Even considering these low levels of ex-
traction of N from cassava leaves, the work by 
Eggum in supplementing root meal with 
methionine to raise the biological value from 
48.9 to 80.4 shows that low solubility is not a 
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Table 8. Amino acid levels(%) of cassava foliage compared with some other tropical feedstuffs 















































problem for monogastric animals. The yields 
of cassava meal/ha/month and of alfalfa 
under tropical conditions also influence the 
economic utilization of these food crops. 
Adrian and Peyrot (1971) compared the 
amino acid content of cassava leaves with 
whole egg. The cassava proteins were found to 
have a serious deficiency of methionine 
(-67% compared with egg, 1.20 vs. 3.65 g/ 
100 g), but a rather satisfactory balance of the 
other essential amino acids. Cassava leaf pro~ 
tein therefore cannot improve the quality of a 
diet limited by methionine, but can be useful 
in the case of cereal diets that are lysine de-
ficient (wheat, sorghum, millet, etc.) or are 
lysine-tryptophan deficient (maize). 
Peyrot (1969) analyzed the leaves of differ-
ent green crops in the tropics, including 
Dioscorea alata, Adamsonia digitata, Ceiba 
pentrandra, and Manihot esculenta, and con-
cluded that all were deficient in methionine. 
Cassava was the only one recommended for 
use in the preparation of supplemental rations 
for animal feeds. 
Luyken et al. (1966) showed that trypto-
phan, methionine, and cystine levels are low 
in cassava leaves, and that the biological value 
of the leaves as determined with rats, was 
low, although the addition of methionine im-
proved this condition. At IITA (1974) the 
protein content of cassava leaves on a dry 
weight basis was determined in 181 clones, 
and was found to range from 26 to 42 % . The 
12 clones with the highest protein content 
Elephant . Guinea 
grass corn Soybean 
12.6 11.9 45.7 
6.10 5.64 7.41 
0.51 1.52 
5.85 5.00 5.23 
2.54 2.82 2.39 
4.32 3.45 5.45 
8.64 7.55 6.97 
6.02 4.82 6.32 
1.86 1.36 1.52 
5.42 5.82 4.79 
4.41 4.73 4.14 
1.30 
3.73 3 .18 3.27 
6.27 5.18 5.23 
(4~2%) were analyzed for lysine (3.49-
4.21) and tryptophan (0.63-0.95). Compared 
with the F AO amino acid reference pattern, 
the values for tryptophan were low, and those 
for lysine were about the same. The values for 
lysine are low compared with the value of 7.2 
given by Oke (1973b). 
The biological value of cassava foliage is 
very variable and is inferior to that of animal 
protein. However, these deficiencies can .be 
overcome by mixing the cassava with other 
protein sources such as: (1) animal protein; 
(2) a synthetic amino acid; (3) other plant 
proteins, e.g. sesame (Sesamum indicum) and 
cotton (Gossi pi um hirsutum) that are high 
in methionine and are readily available in 
tropical markets~ 
To produce cassava foliage protein the 
leaves can be dried either in the sun or with a 
dehydrator. Industrial protein extraction is ex-
pensive and requires a special factory and ma-
chinery. However, our experience has been 
that we can dry the foliage in the sun in 2 
days by chopping it with a mill and spreading 
it on a concrete floor at a density of 15 kg/m2 . 
The first day the chopped leaves have to be 
moved every 2 h, the second day they only 
have to be moved twice. 
Carbohydrates 
The results of carbohydrate analyses of leaf 
and foliage meal have given erratic results. 
For more consistent results researchers must 
104 CASSA VA AS ANIMAL FEED 
define the purpose of the sample, agree upon 
sampling methods, and standardize analytical 
methods. 
For preparing cassava foliage meal it ap-
pears that the best conditions are to take 
samples from 60-75-days-old plants that have 
new developing foliage. The final sample 
should be expressed on the basis of 10-12 % 
humidity because the material to be replaced 
in the diet (usually maize or sorghum) is nor-
mally found at this level of moisture. 
The average values obtained for carbohy-
drates were: fresh leaves 11.4% (Barrios and 
Bressani 1967); dry leaves 46.5% (Barrios and 
Bressani 1967; FAO 1975; Gramacho 1973); 
and dry foliage 43.5% (Echandi 1952; Gra-
macho 1973; Velloso et al. 1967). Most of 
these carbohydrates are starch. Based on a 
study of 245 clones at IIT A the amylase con-
tent was observed to be in the range 19-24%. 
Crude Fibre 
Table 7 gives values for the crude fibre of 
cassava and various other plants. The crude 
fibre content of fresh cassava leaves is low 
compared with the other species listed, as well 
the crude fibre level in the dry foliage is low 
compared with other tropical forage crops. 
Minerals 
Both fresh and dry cassava leaves are high 
in Ca but low in P compared with maize and 
sorghum. Pechnik et al. (1962) compared raw 
leaf cassava flour with boiled leaf cassava 
flour and obtained the following values: 1120 
and 1070 mg% Ca; 300 and 250 mg% P; 31 
and 30 mg% Fe; and 1080 and 834 micro-
grams%, respectively. 
Vitamins 
Vitamin levels for 100 g of fresh cassava 
leaves are given in Table 9. It can be seen that 
the values given by the different authors are 
quite similar. In any case, vitamins need not 
be a problem in animal feeding because they 
are readily available in synthetic and highly 
concentrated forms at reasonable cost. Sea-
gram, quoted by Conceicao et al. (1973), gave 
values for vitamin A of 56 000 IU in cassava 
foliage meal, 14 200 ruin alfalfa meal, 660 ru 
in ground yellow maize, and 264 ru in wheat 
flour. Bangham (1950) also gave a value for 
dry cassava leaves of 65 000 IU. This high 
amount of vitamin A in cassava foliage meal 




Terra Flores van Veen 
1964 1961 1938 
Vitamin A 30000 IU lOOOOIU 14500 IU 
B,Thiamine 0.12mg 0.14mg lOOIU 
B2 Riboflavin 0.27 mg 0.26mg 0.43mg 
Niacin 1.70mg 1.50mg 
Ascorbic acid 290mg 300mg 165mg 
Table 10. Distribution of glucoside (mg HCN/g 
fresh weight) and of linamarinase (mg HCN 
liberated/g fresh weight/min) in different parts of 




very young (in expansion) 490 730 
just full grown 590 300 
older 380 100 
Leaf stalks 
very young (in expansion) 720 740 
just full grown 340 360 
older 150 380 
Stem bark 
near oldest leaves 630 150 
at 2/3 of leafless part 310 90 
at 1/3 of leafless part 420 80 
lowest part 780 6 
Bark cutting 440 35 
bark of reserve roots 640 270 
inner part of reserve roots 140 9 
appears to be important for the pigmentation 
of egg yolks. 
Pechnik et al. (1962) comparing raw and 
cooked cassava leaf flour at 5% humidity 
found the following: carotene 25 and 24 mg% 
and total nicotinic acid 0 and 7 mg%, re-
spectively. 
HCN 
De Bruijn (1973) has established the distri-
bution of both the glucoside that is generated 
by the enzymatic hydrolysis of HCN and also 
of the enzyme Iinamarinase (Table 10). There 
is a high amount of glucoside in the older 
leaves compared with the proportion of Jina-
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marinase; whereas, in the leaf stalks the levels 
of HCN and the enzyme are almost equal. The 
stem bark is higher in HCN than the enzyme, 
but this may not be important if fresh material 
obtained from periodic cuts is used. The bark 
of the reserve root (important for its crude 
protein content) is also high in HCN and low 
in linamarinase. It therefore seems advisable 
to combine very young leaves (high in lina-
marinase) with the bark of the reserve root 
(high in the glucoside) to accelerate the proc-
ess of HCN liberation. The proportion of these 
elements in the mixture is yet to be deter-
mined. 
Pechnik et al. (1962) determined that the 
level of HCN in raw cassava leaf meal was 
23 mg% and that in cooked cassava leaf meal 
the level was 0.9 mg%. Montilla et al. (1976) 
conducted a series of tests, at 24-h intervals, 
to determine the rate of liberation of HCN 
from both the foliage and the reserve root. 
These tests also investigated the rate of liber-
ation from a 1: 1 mixture of roots and foliage 
on both a fresh weight and dry weight basis. 
The results indicated that the liberation of 
HCN is higher in the foliage, as was also 
shown by de Bruijn, and that the combination 
of roots with foliage acted in a manner very 
similar to the foliage. 
These findings are of significance in the 
dry topics because they provide a method of 
reducing the HCN content of cassava-based 
animal feeds that does not require the addi-
tion of water. 
Economics of Cassava Foliage Production 
Scholz (1972) obtained 3 t of dry cassava 
leaves (10-12% protein) by pruning the 
plants at 9 months and by harvesting the roots 
at 12-13 months. Ismail, cited by Mahendran-
athan (1971), obtained a fresh cassava leaf 
harvest of 6. 7 t/ha over a 12.5 month period 
with periodical cutting. Meyreles and Macleod 
(1976) planted cassava at different densities 
to produce foliage as a protein source for ani-
mal feeding. They concluded that the best 
density was 60 000 plants/ha, and that the 
foliage should be cut from the age of 3 months 
every 3 months. The mean protein content at 
3 months was 15.7%. Using a density of 31 250 
plants/ha, Montaldo and Montilla (1976) cut 
all the foliage at 3, 6, 9, 12, 14, and 17 months 
and obtained 31.86 t of dry foliage (18.2% 
crude protein), which represents a crude pro-
tein production of 5.8 t/ha over 17 months. 
Using a mean of 43.5% carbohydrate, this 
represents the production of 13.8 t of total 
carbohydrate in addition to vitamins, min-
erals, fats, etc. 
Cost of Production of Cassava Foliage 
in Venezuela 
In Venezuela, cassava foliage production 
costs are $1417 per hectare ($80 for mechani-
cal land preparation, $419 for planting, $54 
for cultivation, and $864 for harvesting and 
processing) or $44 per tonne of dried foliage, 
which contains 182 kg of crude protein and 
435 kg of carbohydrate. In contrast in March 
1977 in Venezuela 1 t of dried alfalfa meal 
containing 174 kg crude protein and 292 kg of 
carbohydrate sold at $224 or about five times 
the price of dried cassava foliage on a protein 
equivalent basis. 
This shows the great advantage of using 
cassava leaf protein rather than alfalfa leaf 
protein for animal feeding in the tropics. The 
large difference in costs of production allows 
the addition of methionine, animal protein 
such as blood flour, or cotton or sesame cakes 
to the rations to improve their biological 
value. 
Expansion of Cassava Root and 
Foliage Production 
Many studies of cassava production for the 
future only consider the necessity to keep pace 
with the increases in consumption due to 
human population growth and demands for 
pellets by the EEC for animal feeding (Phil-
lips 1974). However, the population in the 
tropics - 2.3 billion people - also must im-
prove their diets by increasing their protein 
consumption (Ehrlich and Ehrlich 1970). 
A very positive step could be taken if we 
could give the tropical peoples an additional 
6 kg of poultry meat, 5 kg of swine meat, and 
200 eggs - three times their present yearly 
consumption, but still only half of the con-
sumption in the developed countries. 
To produce 6 kg of poultry meat 19.8 kg of 
feed are required (conversion 2. 7); 5 kg of 
swine meat require 27.0 kg of feed (conver-
sion 3. 8); and 200 eggs require 36. 7 kg of feed 
(conversion 2.2/dozen eggs). 
If 70% of this feed was provided by cassava 
(5U% from root production (10 t/ha) and 
20% from foliage meal production (25 t/ha), 
192 million tonnes of cassava products would 
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be required. For the 50% made up pf cassava 
root meal the area required for production 
would be 9.6 million hectares; for the 20% 
from cassava foliage meal the area required 
would be 1.5 million hectares. The total area 
that would be required would be 11.1 million 
hectares, which could be made available with-
out replacing other food crops. In comparison, 
if this feed was produced with cereals (maize, 
sorghum, millet, and rice) and oil plants (pea-
nuts, sesame, and cotton) it would require 
190 million hectares of good soil. 
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Cassava as a Feed Source for Ruminants 
C. Devendra1 
Present knowledge concerning cassava as a feed source for ruminants with respect to 
type of feeds from the cassava plant, nutritive value, utilization of leaves, stems, and 
tubers, pattern of starch digestion, utilization of nitrogen, and HCN toxicity is reviewed. 
Only limited information currently exists concerning cassava in ruminant feeding, and 
several pertinent areas for research exist. 
The approximate proportions of principal products and by-products of the cassava 
plant at maturity are 6% leaves, 44% stems, and 50% tubers. The latter is made up of 
8 % peelings, 11 % water, 31 % starch, and po mace, a by-product of starch manufacture, 
contributes .17 % (chemical composition is reported). The crude protein content of the 
leaves is relatively high, but they have been inadequately used as a protein source. A 25% 
level of cassava forage (leaves + stems) with 75% grass appears to be promising. Tubers 
can be substituted for cereals or other carbohydrate energy sources without any loss in 
performance, especially of dairy and beef cattle, with attendant feed cost reductions. The 
potential to increase the use of tubers and leaves to supply energy and protein require-
ments, and possibly use leaves and stems as forage, is quite enormous. 
Both balance and feeding trials indicate that 
about 20-30% dietary levels of cassava chips 
are most efficiently utilized. Higher levels, 
while supplying increased energy, are less well 
utilized due to reduced digestibility, probably 
because of reduced amylolytic activity in the 
intestinal tract posterior to the rumen. In rice 
straw-molasses diets with cassava chips, maxi-
mum N retention occurred when urea supplied 
62-63 % of the total crude protein require-
ments. Supplemental DL-methionine signifi-
cantly improved crude fibre digestibility, sug-
gesting that it may be important in stimulating 
the activity of cellulolytic rumen bacteria. 
Very little is known about the effect of cassava 
feeding on HCN toxicity and other deleterious 
effects in ruminants. 
Deficiencies in our knowledge justify re-
search in the following areas: feeding value of 
leaves, stems, and tubers; digestion in the 
rumen and the intestinal tract; effect of proc-
essing including carbohydrate structure; cy-
anogenic glucosides; and development of ap-
propriate feeding systems and technologies 
suited to cassava utilization by the ruminant. 
One feature of the productivity of rumi-
nants in the tropics is their inherent low level 
of performance, which is invariably associated 
with substandard nutritional management and 
inadequate exploitation of the attributes of the 
individual species, such that their potential 
productivity is often never realized. 
This low productivity is dependent primarily 
1Malaysian Agricultural Research and Devel-
opment Institute, Serdang, Selangor, Malaysia. 
on the availability, particularly, of energy and 
protein. Both components are invariably the 
major constraints to increasing productivity 
from ruminants in the tropics. In some coun-
tries, such as those in the Caribbean, energy 
rather than protein is the main limiting factor; 
whereas, in others such as those in Southeast 
Asia, the reverse is true. Often, both nutrients 
are limiting and the situation becomes even 
more acute when. the need for, and depend-
ence on them is accentuated by the use of 
traditional sources of energy, notably maize. 
The situation is often compelling enough to 
explore other local sources of energy, notably 
carbohydrates and to a lesser extent fats for 
ruminant feeding. 
This approach has led to an examination of 
the availability and potential value of energy 
yielding feedstuffs in several countries in the 
tropics. Perhaps the -most significant demon-
stration of this approach concerns sugarcane 
and its by-products (Preston and Willis 1969; 
Preston 1974). Similarly, consideration is also 
being directed at other high energy feedstuffs 
to alleviate the low level of nutrition, and 
therefore performance, of tropical ruminants. 
Notable among the potentially very useful 
energy feedstuffs is cassava (Manihot escu-
lenta), a traditional subsistence crop of low-
income families in the humid tropics, and 
probably the most important root crop for 
feeding humans and domestic animals. It is 
bulky, high in energy, low in protein, and pro-
duces relatively high yields per unit area of 
land; therefore, it represents an important 
supply of energy for feeding livestock. Conse-
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quently, it is becoming increasingly recog-
nized as an attractive substitute to traditional 
energy sources like maize. In Venezuela, for 
example, cassava is favoured over maize or 
wheat because of its yield, and agronomic and 
nutritive characteristics (Ferrer 1970). Some 
idea of the relative yield of cassava compared 
with other energy sources in Malaysia is given 
by the following yield data (ME2 on a dry 
matter basis): cassava 25 tonnes/ha, 23.9 
MJ/ha; maize 3.4 tonnes/ha, 9.9 MJ/ha; rice 
2.5 tonnes/ha, 7.3 MJ/ha; sago 20.9 tonnes/ 
ha. 12.0 MJ/ha; sorghum 4.5 tonnes/ha, 12.4 
MJ/ha; sweet potato 12.5 tonnes/ha, 14.3 
MJ/ha; whole sugarcane (derinded stalk) 69.2 
tonnes/ ha, 71. 2 MJ I ha; and final molasses 2. 8 
tonnes/ha, 4.9 MJ/ha. 
Although cassava has been used in diets for 
livestock, the efforts have been mainly di-
rected at nonruminants, and there is a con-
siderable amount of data on utilization by 
pigs (Modebe 1963; Devendra 1963; Maner 
1972; Maust et al. 1972a; Tillon and Serres 
1973; Hew Yoon Fong 1975), and poultry 
(Klein and Von Barlowen 1954; Yoshida 1970; 
Hutagalung et al. 1973; Miiller et al. 1974a; · 
Syed Ali and Yeong 1976). 
By comparison, the situation regarding uti-
lization of cassava by ruminants is scanty, 
probably for four reasons: (1) the traditional 
view that the high energy, low protein, and 
low. fibre content of cassava make it more 
suited for feeding to nonruminants; (2) the 
traditional dependence on maize as the main 
energy source; (3) the presence of hydro-
cyanic acid (HCN) and problems of toxicity; 
and (4) its value for human consumption. 
Additionally, only recently has consideration 
been given to the potential feeding value of 
other parts of the cassava plant (leaves and 
stems) in the diets of ruminants. This review 
attempts to bring together the information 
currently available concerning all aspects 
(roots, stems, and leaves) of cassava as a feed 
source for ruminants. 
The principal products and by-products of 
the mature cassava plant (12 months), ex-
pressed as a percentage of the whole plant, 
that can be exploited for animal feeding are: 
leaves 6%; stems 44%; and tubers 50% (com-
prised of 11 % water, 8% peelings, and 31 % 
starch). The stems and leaves are by-products 
of tuber harvesting; whereas, pomace (about 
21 MJ = 238.89 kcal. 
17% of the whole plant) is a by-product of 
starch manufacturing and has an extraction 
rate of 55-57% (Devendra 1976a). These 
values are only approximate and it is empha-
sized that they vary with the rate of produc-
tion and also are influenced by climate, soil 
type, age at harvest, and fertilization. 
A variety having a larger proportion of 
tubers would suggest its superiority for use in 
human nutrition; whereas, if the proportion of 
stems to tubers is approximately equal this 
reflects a lower tuber yielding variety. 
Nutritive Value 
The proximate composition of the cassava 
plant (Table 1) indicates that the roots are 
a concentrated source of energy. Of signifi-
cance is the fact that the leaves. have a rela-
tively high content of crude protein, and that 
the stems have approximately half this con-
tent. The former compare with crude protein 
contents of 15-30% in Brazil (Pereira 1966; 
Silva 1966); 25.5% in Florida (Ramos-Ledon 
and Popenoe 1970), 27.0% in Singapore 
(Miiller et al. 1974a,b), 22.3 % in Sri Lanka 
(Siriwardene and Ranaweera 1974), and 
--i&.0% from Colombia (Moore 1976). The 
crude protein content of the stem (10.9%) is 
comparable to the value of 11.3 % reported 
from Colombia (Moore 1976). Of the main 
products, the stems, understandably, have the 
highest crude fibre content (approximately 
23.0%), comparable with 22.0% reported by 
Moore (1976). 
The nutritive value of cassava roots has 
been reported by French (1937) and Oyenuga 
(1955) in Africa; Maner (1972) in Colombia; 
Miiller et al. (1974b) in Singapore, and Hew 
Yoon Fong (1975) in Malaysia. Mudgal and 
Sampath (1972) have reported that the nutri-
tive value of cassava was 1.46 DCP and 83.3 
kg TDN/ 100 kg dry matter. In view of the 
relatively high content of crude protein in the 
leaves (23.2%) it is relevant to consider the 
nature of their amino acid profile (expressed 
as grams/16 grams N) : arginine 5.1; cystine 
1.0; glycine 4.6; histidine 2. 7; isoleucine 4.3; 
leucine 4. 7; lysine 7.1; methionine 1.1; phe-
nylalanine 3.6; threonine 4.7; .tryptophan 1.0; 
tyrosine 3.2; and valine 6.4. 
The amino acid profile is similar to that 
reported by Miiller et al. (1974b) and Hutaga-
lung et al. (1974). The sulfur-containing 
amino acids, cystine and methionine, are low 
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Table 1. Chemical composition of feed from a mature cassava plant 
(3 dry matter basis). 
Leaves Stems Roots1 Peelings Pomace 
Crude protein 23.2 10.9 1.7 4.8 1.8 
Crude fibre 21.9 22.6 3.2 21.2 24.2 
Ether extract 4.8 9.7 0.8 1.2 0.4 
Ash 7.8 8.9 2.2 4.2 3.4 
Nitrogen-free extract 42.2 47.9 92.l 68.6 70.2 
Ca 0.972 0.312 0.091 0.312 0.712 
p 0.576 0.341 0.121 0.127 0.112 
Mg 0.451 0.452 0.012 0.215 0.219 
Gross energy (MJ /kg) 
1Includes peelings (referred to as chips). 
in relation to the other amino acids, which 
Rogers and Milner (1963) have also noted. 
Methionine could therefore easily be limiting 
if the amount naturally present is associated 
with the detoxification of hydrocyanic acid 
(HCN). 
Utilization of Leaves 
Of the cassava feed products of value to the 
ruminant, the leaves are probably the least 
exploited, despite their relatively high crude 
protein content. The main reason for this is 
probably associated with the recognition, and 
indeed use in Africa and parts of Southeast 
Asia, of the leaves as a protein source for 
humans (Terra 1964). Considerable effort has 
been directed at extracting proteins from the 
leaves; however, limited progress has been 
made because of the high cost of extraction. 
Few reports exist on the value of feeding 
cassava leaves to ruminants, but they have 
been used for feeding calves in France (Guin 
and Andouard 1910) and cattle in Cuba (Os-
valdo 1966). In Madagascar, Seeres (1969) 
reported the use of the leaves to fatten lean 
Zebu cattle; very fat carcasses were reported. 
In Brazil, leaves are considered valuable as a 
forage especially in the dry season when feeds 
are scarce (Gramacho 1973). The lack of in-
terest in the use of_ cassava leaves to feed rumi-
nants is related to: (1) decreased root yields 
due to harvesting the leaves (Mohd. Ismail 
Ahmad 1973); (2) relatively low yields during 
harvesting at maturity; (3) possibilities of 
HCN toxicity, especially with bitter varieties; 
and (4) inadequate appreciation of the rela-
tively high crude protein content of the leaves. 
It is interesting to note that fresh leaves are 
commonly fed directly to ruminants after sun 
drying. This is believed to reduce the level of 
2.59 2.67 15.6 2.96 2.39 
HCN in the leaves by interaction . with the 
sun's heat. This point, however, is not entirely 
supported by HCN levels (mg/kg) recorded 
after sun drying fresh leaves (Black twig): 
fresh variety 235; after 2 h 470; 4 h 475; 6 h 
470; 8 h 445; 10 h 324; and after 24 h (oven 
drying at 36 °C) 120. The effectiveness of 
36 °C in reducing the HCN content is in agree-
ment with the reports of Charavanapavan 
(1944) and Joachim and Panadittsekers 
(1944). The reason for the higher values may 
be due to prevention of autolytic hydrolysis 
of the glucosides consequent to elevated tem-
peratures, and possibly also due to the fact 
the leaves were not mechanically damaged. 
Recently, a technique has been developed in 
Sri Lanka to reduce the HCN content by dry-
ing the leaves (Siriwardene and Ranaweera 
1974) for feeding purposes. In view of their 
relatively high content of crude protein, the 
importance of cassava leaves as forage and as 
a protein source for ruminants needs to be 
recognized in situations where protein is the 
main factor limiting improved animal produc-
tion. 
Although evidence for the direct utilization 
of cassava leaves by ruminants appears to be 
scarce, by comparison, attention has been 
given to feeding the foliage (leaves + stalks). 
In Costa Rica, Echandi (1952) showed the 
foliage to be as good as alfalfa meal. Grazing 
milk cows given the meal gave 90-96% as 
much milk as those receiving equal amounts 
of alfalfa meal, and because the latter was 
imported, the economic value of the cassava 
is obvious. Meal made from leaves and stalks 
was considered suitable for animal feeding in 
Brazil (Normanha 1962). 
More recently, detailed studies have been 
conducted in Colombia on the feeding value of 
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Table 2. The effect of feeding elephant grass 




1003 cassava cassava 
grass foliage foliage 
Initial live weight 
(kg) 265.5 276.3 270.0 
Final live weight 
(kg) 342;5 392.7 379.0 
Daily LW gain (g) 306.0 461.0 445.0 
DMI/day (kg) 5.4 6.3 6.1 
Feed efficiency 17.6 13.7 13.7 
1 Refers to leaves plus stems. 
the foliage for ruminants (Moore 1976). The 
evaluation involved feeding steers weighing 
250 kg· 1ive weight one of three treatments: 
(1) feeding elephant grass alone (Pennisetum 
purpureum); (2) 75% elephant grass + 25% 
cassava foliage; and (3) 50% elephant grass 
·+ 50% cassava forage. The results are sum-
marized in Table 2. 
Treatment two (75% elephant grass + 25% 
cassava foliage) with a crude protein content 
of 9.7% gave the highest daily live weight gain 
compared with all grass (with 6.0% crude 
·protein) and the 50% grass + 50% cassava 
foliage (with 13.0% crude protein). The re-
sults suggest the adequacy of a 9.7% crude 
protein content, and that feed efficiency was 
improved by the inclusion of cassava foliage. 
Moore (1976) also reported that feeding cas-
sava foliage with chopped sugar cane was 
superior in daily live weight gain and feed 
efficiency to feeding cassava foliage plus 
Desmodium distortum having a 23% crude 
protein content. 
Utilization of Tubers 
Of the feed components of cassava, roots 
have the greatest value because they contain 
concentrated energy. Considerable attention 
has therefore been given to their use in diets 
for ruminants, especially dairy cows. Although 
roots have been used quite extensively to feed 
both dairy and beef cattle, very little use has 
been made of the leaves as a protein source, 
or of the leaves and stems as forage (Table 3). 
Dairy Cattle 
Lucas (1914, 1915), Mallevere (1914), 
Henke (1919), and Cassettes (1921) observed 
that cassava was of high quality for feeding 
dairy cows. Cassava reportedly gives butter 
that is firmer (Brouwer 1933), does not taint 
the milk (Pyanart 1951), and is efficiently 
utilized by dairy cows (Mandoica 1962; Albu-
querque 1971). Morimoto (1950) studied the 
feeding value of cassava "ampas" as a substi-
tute for beet pulp, and reported that feeding 
ampas resulted in greater milk and milk fat 
yields. 
Cassava feeding (Table 3) generally in-
creases milk yield (Cardoso et al. 1968; Ola-
luku et al. 1971). In dairy heifers, Pineda and 
Rubior (1972) reported that cassava feeding 
increased total live weight gain and reduced 
both age at first breeding and the average 
number of services per conception. Assis 
(1962) studied the effects of feeding cassava, 
sweet potatoes, or edible canna as a winter 
feed supplement to dairy cows in a switch-
back design, and demonstrated that cassava 
significantly increased milk production by 
19.5% compared with 7.8% for sweet pota-
toes. Edible canna had no effect. The response 
to cassava is probably a result of the relatively 
higher supply of ME from cassava (11.9-14.6 
MJ/kg) compared with sweet potatoes (11.0-
13.4 MJ/kg) for cattle. 
In view of the potential value of cassava 
to supply energy, several studies have reported 
substitution of the main energy source by cas-
sava; these include potato flour (Pernot 1909), 
maize gluten (Mallevre 1914), beet pulp 
(Morimoto 1950), sorghum (Barrteria 1969), 
maize (Peixoto et al. 1955; Pineda and Rubior 
1972), and oats (Mathur et al. 1969). Because 
in a number of these reports the response has 
been higher milk and fat yields and live weight 
gains, the results suggest that cassava repre-
sents an important source of energy in dairy 
cow diets, which is associated with improved 
performance. It is apparent therefore that 
very much more use can be made of cassava 
in t.hose countries where it is readily available. 
Beef Cattle 
Several reports suggest increased live weight 
gains of beef cattle fed cassava (Table 3). 
Johnson et al. (1968) fed four groups of 
Angoni X Boran steers for 150 days with one 
of four diets based on: bran; cassava; corn 
and cob; or a commercial concentrate mixture. 
The calves fed on the commercial concen-
trate and cassava-based diets gained signifi-
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cantly (p < 0.01) faster than those fed bran 
or corn and cob-based diets, and were similar 
to calves that were suckled by the dams and 
weaned at 7 months of age. Better perform-
ance due to cassava has also been reported by 
Montilla (1971) in young bulls fed with a diet 
containing 40% cassava meal, which gave a 
much better performance than maize meal. 
On the other hand, Soewardi et al. (1975) re-
ported that Ongole grade heifers fed alanga-
lang (lmperata cylindrica) supplemented with 
either maize or cassava meal, and fed at 3 % 
metabolic body size, gave a higher biweekly 
live weight gain per head (7.63 vs. 3.34 kg) for 
maize supplementation than for cassava. In 
Africa, supplementing poor quality hay with 
cassava significantly increased the dry matter 
intake of Zebu cattle (Kame et al. 1973). 
In Malaysia, cassava supplementation in 
diets for Kedah-Kelantan calves increased daily 
gain, feed efficiency, and age at first servke 
compared with feeding Napier grass (Penni-
setum purpureum) alone (Devendra and Lee 
Kok Choo 1975). More recently, the effect of 
feeding increasing levels of cassava meal (30, 
40, 60, and 80%) in the concentrate fraction 
(25% of total dry matter intake and 75% 
from Napier grass) to Kedah-Kelantan heifers 
was studied. At 30, 40, 60, and 80% levels of 
cassava inclusion daily live weight gains (6-24 
months) were: 318.7, 287.3, 312.9, and 281.3, 
respectively; whereas, the efficiencies of feed 
conversion (kg dry matter/kg of live weight 
gain) were: 12.4, 14.25, 12.90, and 14.53. Sig-
nificant differences were found (p < 0.05) be-
tween the 30 and 80% levels for both of these 
parameters. The best growth rates and effi-
ciencies of feed conversion were recorded with 
the 30% level of inclusion. For all treatments, 
correlations of mean live weight with heart 
girth, height at withers, body length, and hip 
width were highly significant (p < 0.01). De-
vendra and Lee Kok Choo (1976b) also re-
ported improved carcass characteristics due to 
cassava feeding. 
Cassava has also been used to replace 50 or 
100% of the barley in diets for growing calves 
in India, and was found to improve growth 
performance (Mudgal and Sampath 1972). 
These authors also reported beneficial re-
sponses from feeding cassava to old bullocks. 
The beneficial responses reported for both 
dairy and beef cattle suggest that as an energy 
source cassava can replace the cereal com-
ponent of the diet. More importantly, several 
reports have also demonstrated that these 
benefits are associated with a reduced cost of 
feeding (Echandi 1952; Peixoto et al. 1955; 
Valdivieso and de Alba 1958; Cardoso et al. 
1968; Mandioca 1969; Gontijo et al. 1972). 
Because home grown cassava is relatively 
cheaper than imported feedstuffs for cattle, 
the potential value of cassava in import substi-
tution is quite enormous. Not enough atten-
tion has been given to developing this advan-
tage in those areas of the tropics where there 
is a tradition of cassava cultivation. 
Goats and Sheep 
No studies have been reported concerning 
the value of various cassava products in the 
diets of goats and sheep. Cassava peelings have, 
however, been fed to goats and sheep in French 
Equatorial Africa (Walker 1951). The quan-
tity of the peelings available to these animals 
was, however, probably low because, during 
periods of food shortages, peelings are also 
eaten by humans. 
The addition of grated cassava to Napier 
grass prior to ensiling significantly increased 
dry matter intake, apparent digestibility of dry 
matter (p < 0.01), and N balance (p < 0.05) 
in castrated sheep in Brazil (Ferreira et al. 
1974). In Venezuela, growth and metabolism 
studies have been conducted on West African 
woolless wethers (Chicco et al. 1971) involv-
ing cassava and molasses in the utilization of 
urea (Table 4). Cassava addition significantly 
increased body weight gain and bacterial pro-
tein (p < 0.01). 
Partly in view of this deficiency, but more 
particularly in view of the limited work that 
has been reported so far on the value and 
manner of utilization of cassava by ruminants, 
a program of research was initiated to fulfill 
these objectives at MARDI (Devendra 1977). 
Five experiments in the research program, all 
balanced trials with sheep, are reported: trial 
1, the effect of dietary cassava with rice straw 
in isonitrogenous diets (30% rice straw with 
or without 20% cassava in molasses-urea diets 
with 6-14% level of crude protein, 10 treat-
ments); trial 2, the replacement of molasses 
by cassava with rice straw in isonitrogenous 
diets (20-75% levels of cassava in molasses-
urea diets, isonitrogenous, 5 treatments); trial 
3, the effect of increasing levels of dietary cas-
sava (20-80% levels of cassava in molasses-
urea diets, isonitrogenous, 4 treatments); trial 
4, the replacement of molasses by cassava 
Table 3. The effects of feeding supplementary cassava (Mani/wt esculenta) to cattle. 
Level of cassava inclusion (%) 
Type of cattle Type of basal diet Roots Leaves Stems Response Reference 
Dairy cattle 
Calves Potato flour' Improved performance Pernot (1909) 
Cows Maize gluten, peanut Increased milk yield and Lucas (1914) 
meal live weight gain 
Cows Maize gluten2 Replacement No differences Mallevere (1914) 
Cows Soybean cake and beet 76.8 Increased milk and fat yield Morimoto (1950) 
pulp a 
Cows Alfalfa leaves + stems No differences, cassava diet Echandi (1952) 
cheaper 
Cows 1 : 1 grass :concentrate Lower than basal diet de Alba (1954) 
~ diet (cocoa pods) 
Cows Maize diet' Replacement Reduced yield compared with Peixoto et al. (1955) 
(l.l 
(l.l 
maize diet; reduced cost > < of milk production > 
Calves Copra meal, sesame oil 10.0, 35.0 No differences Valdivieso and de Alba > meal, wheat bran, (1958) (l.l 
molasses and skim milk > 
Holstein cows Grazing' Supplementary 19 .5% increased milk yield Assis (1962) z ...... 
feeding Si:: 
Holstein and Zebu Fresh and ensiled sugar 0.5 kg/lOOkg No differences Estima et al (1967) > 
cows cane tops' body weight t-< 
Holstein X Zebu Maize diet Up to 41.5 Milk production increased, Cardoso (1968) 'Ij m 
cows cassava diets cheaper m 
Ayrshire X Sahiwal Oats, gram, groundnut 12.5, 25 .0 No differences; cassava diet Mathur et al. (1969) 0 
X Sindhi cows cake, wheat bran and cheaper 
gram husk' 
Cows Ground corn 41.5 Decreased cost of milk Mandioca ( 1962) 
production 
Cows Molasses-urea• Supplementary Increased live weight gain Neves (1969) 
feeding 
White Fulani cows Hay, maize, groundnut 79 .1 Increased milk and fat yields Olaluku et al. (1971) 
cake, palm kernel cake 
Cows Bean fodder or pigeon Supplementary Improved N utilization Patel and Yamdagni (1972) 
pea fodder' feeding 
Heifers Chopped sugar cane + 78.5 Increased total live weight Pineda and Rubior (1972) 
limited concentrates7 gain, reduced age at first 
breeding and avg. services 
per conception 
(continued) 
Table 3 (concluded) 
Level of cassava inclusion (%) 
Type of cattle Type of basal diet Roots Leaves Stems Response Reference 
Tharparkar X Sahiwal Barley, groundnut cake 24.0, 44.0 Improved growth Mudgal and Sampath (1972) 
X Sindhi calves wheat bran 6 
Cows Dried grass pellets 6 8.4, 18.4 No differences Mohme and Pfeifer (1973) 
Local Indian dairy Grass, copra cake, 8.0 Significantly affected body Devendra and 
calves molasses-urea measurements Sivarajasingam (1975) 
0 
Beef cattle tI1 <: 
Angoni X Boran Comrr.ercial concentrate Supplementary Increased live weight gain Johnson et al. (1968) tI1 z calves feeding compared with maize or 0 
bran :;;:l 
Nelore castrate Rice straw, cottonseed 20.0 Increased live weight Roverso et al. (1969) > 
meal 6• 8 "'!'.I 
Cows Molasses-ureas Supplementary Increased live weight gain Neves (1969) tI1 
feeding tI1 0 
Criollo bulls Maize meal, rice 70.0 Improved utilization of Shultz Shultz and Carnaveli en 
polishings vegetable protein (1970b) 0 
Bulls Maize meal 6 40.0 Improved performance Montilla. (1971) c 
:;;:l 
Zebu steers Cottonseed meal, maize, Supplementary Higher live weight gain, Gontijo et al. ( 1972) () 
molasses-urea, silage feeding reduced cost of feeding tI1 
and grass 6 (9%) "'!'.I 
Friesian steers Dried gr ss 21.0, 42.0 No difference Ahmed and Kay (1975) 0 :;;:l 
Kedah-Kelantan Grass, C( pra cake, 30.0 Increased daily gain, feed Devendra and Lee Kok Choo 
:;;:l calves molasses urea 8 efficiency, age at first service (1975) c 
Native calves Chopped grass, 20.0 Increased live weight gain Labre et al. (1975) a:: 
molasses-urea ..... z 
Kedah-Kelantan Grass, copra cake, 30.0, 40.0, Significant difference in daily Devendra and Lee Kok Choo > 
calves molasses-urea 60.0,80.0 live weight gain and feed (1976a) z 
>-l efficiency en 
Kedah-Kelantan Grass, copra cake, 30.0, 40.0, Improved carcass Devendra and Lee Kok Choo 
heifers molasses-urea 60.0, 80.0 characteristics (1976b) 
Steers Grass 25.0, 50.0 Increased live weight gain Moore (1976) 
leaves + stems and feed efficiency 
'Substituting potato flour in the diet. 
•Substituting maize gluten in the diet. 
3 Substituting beet pulp in the diet. 
•substituting maize in the diet. 
'Supplementary feeding. -•Substituting oats in the diet. -'Substituting barley. w 
•Substituting molasses. 
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Table 4. The effect of feeding cassava or molasses 
on the utilization of urea in West African woolless 
sheep (Chicco et al. 1971). 1 
Hay+ Hay+ 
Hay 2 cassava molasses 
Body weight gain 
(male) 88.3 100.9 106.7 
(female) 59.9 86.5 83.2 
Bacterial protein 
(mgN/100 ml) 159.3 193.0 175.5 
Blood urea 
(mg/100 ml) 15.6 20.7 19.8 
Acetic acid 
(mM/l) 68.7 59.9 61.9 
Propionic acid 
(mM/l) 11. 7 13.4 12.8 
Butyric acid 
(mM/l) 8.3 12.2 13 .3 
Digestibility of 
organic matter(%) 59.6 66.6 70.7 
•Significant differences (p < 0.01) were observed for all 
treatments and all parameters. 
2Basal diet ( 3 by weight) 50 ground pangola grass, 22 corn 
bran, 20 ground corn cobs, 5 molasses, 2 urea, and 1 mineral 
mixture. Supplementation of this hay diet was made by substitu-
tion of the corn cobs with molasses or cassava. 
with varying levels of dietary nitrogen (20-
80% levels of cassava in molasses-urea-fish 
meal diets with 6-12% levels of crude protein, 
4 treatments); and trial 5, the effect of DL-
methionine supplementation in isonitrogenous 
diets (40-80% levels of cassava with 0.2-
0.6% methionine in molasses-urea diets, isoni-
trogenous, 9 treatments). 
Cassava chips, mainly from a sweet variety, 
were used in all studies. The roots were 
washed, chipped to approximately 4-6 cm 
lengths, and sun dried. The average chemical 
composition of the chips (percentage dry mat-
ter) was: 1.7 crude protein, 3.2 crude fibre, 
0.8 ether extract, 2.2 ash, 92.1 NFE, 0.091 
calcium, 0.121 phosphorus, and gross energy 
15.6 MJ/kg. This chemical composition is 
similar to that reported by others (Oyenuga 
1955; Maner 1972; Miiller et al. 1974b). The 
approximate HCN content was 90-100 mg/ 
kg fresh material. 
Trial 1 
The digestibility of dry matter in the rice 
straw-based diets increased significantly 
(p < 0.05) with the inclusion of dietary cas-
sava. No differences were noted, however, 
within the treatments with or without cassava 
inclusion (Table 5). This trend was also noted 
for significant (p < 0.05) differences in crude 
protein, crude fibre, and ash digestibility. The 
addition of cassava significantly (p < 0.05) 
increased nitrogen (N) retention, and all treat-
ments with cassava recorded higher retention, 
the highest retention being 48.9%. 
Trial2 
The digestibility of dry matter significantly 
decreased with increasing level of cassava in-
clusion (p < 0.05). The highest digestibility of 
dry matter (74.4%) was noted for the 20% 
level of cassava inclusion (Table 6). 
The highest digestibility of crude protein 
was also recorded for the 20% level of cassava 
inclusion. However, the differences were not 
significant, and this trend was also evident for 
crude fibre, ash, ether extract, nitrogen-free 
Table 5. Apparent digestibility of the main proximate constituents (%), trial 1 
(each value is the mean of 3 sheep). 
Treatments' 
L.S.D. 
2 3 4 5 6 7 8 9 10 (p=0.05) 
Dry matter 63.8 61.4 63.9 64.0 59.6 62.3 66.4 64.8 65.7 63.7 5.01 
Organic matter 68.2 65.9 68.7 68.6 64.5 66.8 71.3 67 .1 70.4 67.6 n.s. 
Crude protein 48.0 52.9 63.7 69.3 57.4 47.0 61.8 66.4 72.3 72.3 8.35 
Crude fibre 38.0 28.5 25.3 23.1 25.8 62.5 67.3 70.5 56.2 67.6 19 .18 
Ash 37.4 29.7 32.7 35.5 25.2 39.4 40.8 54.2 41.2 41.2 13.92 
Ether extract 
Nitrogen-free extract 76.4 74.9 77.1 76.1 74.5 72.6 75.9 64.9 67.9 65.7 n.s. 
Energy 73.5 71.2 74.5 73.2 74.2 76.2 75.7 76.4 n.2 71.4 n.s. 
N retention as % of 
intake 8. I 29.6 36.7 18 .1 -1.1 30.3 41.3 48.9 42.5 36.6 19.81 
'Diets 1-5 (without cassava) consisted of: 303 rice straw, 65.9-{)8.93 molasses, 1.1-4.13 urea, and I 3 mineral mixture; diets 
6-IO (with cassava) consisted of: 303 rice straw, 45.9-48.93 molasses, 1.1-4.13 urea, and 1.03 mineral mixture. 
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Table 6. Apparent digestibility of the main proximate constituents (%), trial 2 
(each value is the mean of 3 sheep). 
Treatmentst 
L.S.D. 
2 3 4 5 (p = 0.05) 
Dry matter 66.9 74.4 71.5 67.1 61.9 7.68 
Organic matter 75.7 79.8 76.8 75.1 70.5 n.s. 
Crude protein 53 .4 62.4 54.2 47.5 53.0 n.s. 
Crude fibre 31.2 33 .4 29.7 29.9 30.9 n.s. 
Ash 22.4 13.2 19.8 22.5 17.5 n.s. 
Ether extract 81.7 79.4 74.5 75.6 73.6 n.s. 
Nitrogen-free extract 84.2 92.4 89.4 83.7 75.7 n.s. 
Energy 73.6 76.4 70.7 65.9 65.2 n.s. 
N retention as % of intake 52.9 62.1 53.9 47.4 52.5 n.s. 
'Diets consisted of: 203 rice straw, 0-75.43 molasses, 0-75.03 cassava, 3.63 urea, and 1.03 mineral mixture. 
Table 7. Apparent digestibility of the main proximate constituents(%}, trial 3 
(each value is the mean of 4 sheep} 
Treatmentst 
L.D.S. 
2 3 4 (p = 0.05) 
Dry matter 93.2 86.9 88.9 79.9 5.67 
Organic matter 94.8 87.5 89.2 83.5 6.21 
Crude protein 92.6 74.5 73.2 75.0 9.74 
Crude fibre 27.9 28.9 42.7 29.4 n.s. 
Ash 81.5 77.0 70.7 38.1 17 .92 
Ether extract 84.2 79.4 78.7 74.7 n.s. 
Nitrogen-free extract 95.0 43.7 48.8 62.4 16.88 
Energy 90.5 65.7 81.8 78.7 17.21 
N retention as % of intake 73.7 64.5 63.1 69.0 6.25 
'Diets consisted of: 20-803 cassava, 15.3-75.23 molasses, 3.7-3.83 urea, and 13 mineral mixture. 
extract, and energy digestibility. The nitrogen 
retention as a percentage of intake was also 
highest for the 20% level of inclusion. No 
differences were found between the rice 
straw+ molasses (treatment 1) and rice straw 
+ cassava (treatment 5) in nitrogen retention. 
Trial3 
The effect of increasing cassava from 20 to 
80% in the diet was reflected in a statistically 
significant (p < 0.05) decrease in the digesti-
bility of dry matter. With 80% cassava in 
the diet, the digestibility of dry matter de-
creased to 79.9% compared with 93.2% for 
the 20% level of inclusion (Table 7). A simi-
lar trend was also noted for organic matter, 
crude protein, ash, ether extract, nitrogen-free 
extract, and energy digestibilities. 
Crude protein digestibility was· not signifi-
cantly different between the 40, 60, and 80% 
levels of cassava inclusion, but these treat-
ments were significantly (p < 0.05) different 
to the 20% level of inclusion. A parallel find-
ing was also noted for N retention. 
Trial4 
The digestibility of dry matter decreased 
significantly (p < 0.05) with increasing levels 
of cassava inclusion. The highest digestibility 
of dry matter was noted for the 20% level of 
inclusion (94.5 % ) . A parallel trend was noted 
for organic matter digestibility (Table 8). 
The digestibility of crude protein was high-
est (71.2%) for the 20% level of cassava in-
clusion with 47.7% of molasses. N retention 
was significantly different between treatments 
(p < 0.05). Ash digestibility decreased signifi-
cantly (p < 0.05) with increasing levels of 
cassava inclusion. 
Trial S 
Concerning methionine supplementation 
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Table 8. Apparent digestibility of the main proximate constituents (%), trial 4 
(each value is the mean of 3. sheep). 
Treatments' 
L.S.D. 
2 3 4 (p = 0.05) 
Dry matter 94.5 85.7 84.2 83.1 n.s. 
Organic matter 95.1 89.3 87.9 87.1 n.s. 
Crude protein 71.2 65.4 62.1 68.2 n.s. 
Crude fibre 21.9 22.7 23.9 22.7 n.s. 
Ash 78.9 56.0 48.8 27.9 11.09 
Ether extract 
Nitrogen-free extract 85.2 80.2 80.3 81.2 n.s. 
Energy 94.6 87.9 87.9 84.2 n.s. 
N retention as 3 of intake 84.7 68.0 77.5 74.2 11.21 
'Diets consisted of: 20--803 cassava, 3.6-47.73 molasses, 3.1-7.03 fish meal, 1.0-2.43 urea, and 1.03 mineral mixture. 
Table 9. Apparent digestibility of the main proximate constituents(%), trial 5 
(each value is the mean of 3 sheep). 
Treatments' 
L.S.D. 
2 3 4 5 6 7 8 9 (p = 0.05) 
Dry matter 88.3 85.5 82.2 84.2 85.0 85.5 84.2 86.4 87.3 n.s. 
Organic matter 90.8 88.2 85.7 87.9 87.9 88.8 88 .1 89.4 89.7 n.s. 
Crude protein 78.8 73.7 72.3 72.9 73.2 76.2 80.7 77.8 79.9 n.s. 
Crude fibre 21.5 22.9 29.3 19.9 23.5 26.8 39.4 43.7 47.7 18.41 
Ash 53.8 44.3 38.5 30.0 44.6 43.6 51.6 41.7 44.5 n.s. 
Ether extract 99.0 98.7 98.6 98.4 97.3 98.7 98.8 98.9 98.5 n.s. 
Nitrogen-free extract 94.3 92.5 90.9 93.3 93.2 92.8 91.8 93.8 93.5 n.s. 
Energy 89.2 87.0 90.0 82.8 86.5 86.4 84.3 94.2 96.8 n.s. 
N retention as % of intake 78.5 73.5 72.0 72.7 73.0 76.0 80.6 77.5 79.8 n.s. 
'Level of cassava inclusion in molasses-urea diets in treatments 1-3 was 403, 4-6 was 603, and 7-9 was 803. 
with increasing levels of dietary cassava, no 
significant differences were noted in the di-
gestibility of dry and organic matter, crude 
protein, ash, ether extract, nitrogen-free ex-
tract, and energy digestibility (Table 9). N 
retention was also not significant between 
treatments, but tended to increase with 80% 
cassava in the diet. 
However, statistically significant differences 
were noted for crude fibre digestibility 
(p < 0.05), especially between the 80% level 
of cassava inclusion and 40 and 60% levels. 
The highest crude fibre digestibility ( 4 7. 7 % ) 
was noted for an 80% level of cassava inclu-
sion supplemented with 0.6% methionine. 
Within each level of cassava inclusion, there 
was a tendency for crude fibre digestibility to 
increase with increasing levels of methionine 
supplementation, but these differences were 
not significant. 
Pattern of Starch Digestion 
In trials 2, 3, and 4, the digestibility of 
increasing levels of cassava in the diet indi-
cated that the highest digestibility was con-
sistently noted for the 20% level of inclusion 
(Tables 6-8). The values for digestibility of 
dry matter in these trials were 74.4, 93.2, and 
94.5%. The relatively low value of 74.4% in 
trial 2 was due to the presence of rice straw in 
the diet, which was not included in trials 3 and 
4. These digestibility values are very high, and 
although a 20% level of cassava is implicated, 
it is important to stress that higher levels are 
also well digested. In trials 3 and 4 for ex-
ample, an 80% level of cassava inclusion gave 
a relatively lower, but nevertheless high dry 
matter digestibility of 79.9 and 83.1 % . Con-
firmation that a lower level of cassava in the 
diet is more advantageous is also reflected by 
the results of Roverso et al. (1969) and Deven-
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dra and Lee Kok Choo (1976a). However, al-
though higher levels may be beneficial for beef 
cattle fattening because of the supply of in-
creased glucose precursors, this may be an-
tagonistic for dairy cattle feeding. 
Associated with the high values for the ap-
parent digestibility of dry matter for the 20% 
level of cassava inclusion, was an equally high 
crude protein digestibility and also N reten-
tion. This was noted in the results of trials 2, 
3, and4. 
Only limited .evidence exists about the 
nature of rumen fermentation consequent to 
cassava feeding. It appears that cassava feed-
ing gave more propionic acid than molasses 
(Table 4), and since a greater molar percent-
age of butyric acid is produced in the latter, 
cassava feeding is therefore energetically 
more advantageous. In the rumen, the break-
down of starch is dependent on the proportion 
of amylolytic to ·nonamylolytic bacteria. The 
tenqency toward reduced digestibility with in-
creasing levels of cassava inclusion suggests, 
however, that considerable quantities of starch 
escaped from the rumen without fermentation. 
This is distinctly possible, since dietary rough-
age was low and was chopped when fed. If 
high levels of cassava are to be efficiently uti-
lized, therefore, digestion in the"intestinal tract 
posterior to the rumen assumes considerable 
significance, as has been forcibly demonstrated 
by the studies of Karr et al. (1966). They 
showed in steers fed 5-kg daily rations contain-
ing 20, 40, 60, or 80% ground maize, that the 
percentage of starch digested in the rumen 
fell progressively from 84-72 % to 64-62 % as 
the dietary maize level was increased. They 
rightly suggested that amylolytic activity in 
the small intestine was implicated. 
In steers, Clary et al. (1966) showed that 
amylase activity, expressed as amount of 
starch digested per unit of enzyme protein, 
was 588 ± 61 and 827 ± 61 for unsupple-
mented pasture and all concentrate diets, re-
spectively. In further studies, Clary et al. 
1967a showed that the relative amylase ac-
tivity increased as the amount of starch in the 
diet rose with commensurate changes in glu-
cose concentration of jugular blood. It is pos-
sible, however, that the intestinal enzymes 
digest starch less efficiently when larger, 
rather than smaller, quantities require diges-
tion. 
Amylolytic activity cannot account entirely 
for the efficiency of starch digestion becal.lse 
the nature of the dietary starch is also impor-
tant. Clary et al. (1967b) reported that al-
though ruminants were more effective than 
swine in breaking down starch fragments, they 
were less efficient in attacking intact starch 
molecules. Tucker et al. (1966) reported simi-
lar findings in sheep. Because it is possible that 
the nature of the cassava fed could be involved 
in the reduced digestibility, it is essential to 
indicate precisely the type of cassava that is 
fed. There is no doubt that the total amount 
of starch utilized by the intestinal route in-
creases with the amount of starch consumed 
daily (Little et al., 1968), including utilization 
in the large intestine. Additionally, low levels 
of starch utilization can result from feeding 
a liquid diet (Huber et al. 1967a); therefore, 
method of feeding is also involved. 
Associated with these observations is the 
point that very little is known about the effect 
of processing (for example, type of chips and 
pellets} cassava on its feeding value and uti-
lization by ruminants. Because processing 
tends to improve feed efficiency, it is essential 
to identify the type of cassava fed. Cooking 
cassava and urea prior to feeding to cattle re-
duces rumen ammonia and blood urea, sug-
gesting that this is more advantageous than 
the uncooked diet (Shultz et al. 1970a). 
Utilization of Nitrogen 
In view of the importance of nitrogen (N) 
utilization in the ruminant, especially under 
the influence of various types of carbohydrate 
sources, it is of interest to consider this aspect 
in some detail. This examination was also 
stimulated by the use in our studies of both 
preformed and nonprotein nitrogen (NPN) 
sources like urea. In particular, it was of inter-
est to ascertain the value of added cassava in 
the rice straw-molasses diets, especially for 
retained N in the balanced studies (Table 10). 
In rice straw-molasses diets with or without 
added cassava, where the dietary crude protein 
content varied from 5.8 to 14.2%, it was found 
the N retention increased until treatment 3 
with a crude protein content of about 10% 
and then declined significantly (p < 0.01). 
With cassava, the N retention was higher for 
every treatment, and was again highest for the 
10% level of dietary crude protein. Significant 
differences (p < 0.05) were noted in the N 
content of feces and urine between treatments 
with or without cassava addition. N intake 
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cassava, but with the addition of cassava, N 
intake was significantly correlated to N reten-
tion (r = 0.898, p < 0.01). 
· The N balance data from trial 1 (Table 10) 
and N retention data from trial 2 demonstrate 
the value of cassava for enhancing N utiliza~ 
tion and therefore N retention. In trials 1, 2, 
and 3, all the N was contributed by urea in the 
diet; whereas, in trial 4, urea only contributed 
approximately 62-63 % of the total crude pro-
tein requirement. This trial also gave the high-
est N retention of 74.2 % compared with 18.1-
42.5% in trial 1, 47.4-62.1 % in trial 2 (Table 
6), and 69.0% in trial 3 (Table 7) for similar 
levels of dietary crude protein (12.0%). This 
supports several reports that have demon-
strated that approximately 60-70% of the 
total N requirements can be obtained from 
urea (Hume 1970; Hume and Bird 1970; Ra-
mirez and Kowalczik 1970; Sutton et al. 1970; 
Walker 1970; Devendra 1976b). 
The utilization and retention of dietary N 
are influenced to a large extent by the type of 
carbohydrate present, and the N balance data 
in Table 10 also emphasize this point. The 
amount of microbial proteins synthesized is 
dictated by the amount of readily available 
carbohydrates, especially those that can be 
readily fermented in the rumen (Pearson and 
Smith 1943; Annison et al. 1954; Belasco 
1956; Lewis and McDonald 1958; Elliott et 
al. 1961; Karue 1973). In the presence of these 
readily available carbohydrates and therefore 
energy, the amount of proteins leaving the py-
lorus is greater than the amount supplied in 
the diet (Gray et al. 1958; Clarke et al. 1966; 
Mcintyre and Williams 1970) because of mi-
crobial synthesis of protein in the rumen from 
endogenous N sources, particularly urea. A 
higher rate of synthesis of microbial proteins, 
reflective of a low rumen ammonia concentra-
tion and high bacterial N, has been reported 
for cassava supplemented diets compared with 
maize (Chicco et al. 1970; Shultz et al. 1970a; 
Soewardi et al. 1975). 
In four of the five trials reported, urea rep-
resented the main source of protein in the diet, 
and its effective utilization was largely depend-
ent on the concurrent use of cassava. Although 
cassava enhanced urea utilization and reten-
tion in trial 1, the results of substituting mo-
lasses with cassava in trial 2 suggest that in 
terms of N retention in isonitrogenous diets, 
there were no significant differences between 
the two. However, support for the value of 
cassava in enhancing urea is evident from sev-
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eral studies that have reported utilization in 
comparison with other carbohydrate sources 
such as maize or molasses (Shultz et al. 1970a; 
Chicco et al. 1971; Joshi and Majumdar 1972; 
Soewardi et al. 1975). In rice straw-molasses 
based diets, such as those used in trials 1 and 
2, the value of adding to or replacing part of 
the molasses in the diet is associated with the 
fact that the net energy value of molasses is 
considerably reduced beyond 30% dry matter 
in steers. and dairy cows (Lofgreen 1965; Lof-
green and Otagaki 1960). 
In the N balance data in trial 1 (Table 10), 
the percentage of ingested N lost in the urine 
increased with increasing dietary urea, and 
supports similar observations by Huber et al. 
(1967a,b) and Deveridra (1976a). On the 
other hand, this differs from the reports on 
utilization of urea by Zebu cattle and buffalo 
by Razdan et al. (1971). 
Although methionine supplementation pro-
duced no significant differences in the digesti-
bility of the main proximate components, it 
is interesting to note that crude fibre digesti-
bility was significantly different (p < 0.05), 
and increased with increasing level of cassava 
inclusion. This suggests that methionine may 
be important in the activity of cellulolytic 
rumen bacteria, ·and the observation is con-
sistent with the report of Johnson et al. (1949) 
that sulfur containing amino acids ( cystine 
and methionine) are important components of 
rumen bacteria. · 
Additionally, the N retention data in Table 
6, although not significantly different, gave 
consistently higher (72.0-80.6%) values com-
pared to the treatments with the same levels of 
crude protein content in trials 2 and 3, in 
treatments 4 and 10 in trial 1, and in treatment 
4 of trial 4. Methionine supplementation is ob-
viously implicated, and enhancement of the 
value of dietary urea with its supplementation 
finds support in the results of Harris and Mit-
chell (1941), Loosli and Harris (1945), and 
Lofgreen et al. (1947). 
HCN Toxicity in Ruminants 
Very little is known about HCN toxicity in 
ruminants, and present evidence suggests that 
feeding high levels (20-80%) of cassava chips 
(Tables 6-9) ·and chopped roots does not pro-
duce any ill effects. This may perhaps be due 
to the fact that sweet varieties were fed, be-
cause feeding raw fresh leaves of bitter varie-
ties as a forage (with 180-240 mg/kg fresh 
weight) has produced chronic toxicity and 
death. In a feeding trial involving Kambing 
Katjang weaner kids in Serdang, up to 40% 
mortality was noted within 2 weeks of starting 
the trial, and a deleterious effect was pro-
duced ob. live weight gain. 
Nevertheless, white clover containing cy-
ariogenic glycosides equivalent to 129 mg of 
cyanide per 100 g dry matter produced no 
deleterious effects in dairy cows, but plasma 
thiocynate increased, producing evidence for a 
metabolic effect (Butler et al. 1957). Several 
species of Cynodon with HCN in them have not 
been reported to have any serious effects in 
ruminants (see for example Henderson Re-
search Station 1970). On the other hand, high 
levels of cyanogens (180 ppm HCN) and low 
levels of iodine (±0.05 ppm I) have been re-
ported to cause thyroid dysfunction (Herring-
ton et al. 1971) in sheep grazing Cynodon 
plectostachys. Worker (1957) noted that blood 
thiocynate levels were constant throughout 
the season in Jersey cows grazing white clover 
pastures, and that urinary clearance of thio-
cynate could be greater than in sheep; an al-
ternative detoxicating mechanism has been 
suggested. There is need therefore to investi-
gate the effect of cyanogen levels on toxieity 
and other deleterious effects on ruminants. 
Future Lines of Research 
This review suggests the need for much more 
research. Some areas in which research is re-
quired are: (1) the feeding value of sweet 
and bitter cassava varieties; (2) the relative 
nutritive value of leaves, stems, tubers, peel-
ings, and pomace. The importance of the 
leaves as a protein source, tubers for energy 
supply, and leaves and stems as forage needs 
more investigation; (3) digestion and utiliza-
tion of cassava in the rumen and in the in-
testinal tract posterior to the rumen; (4) as-
sociated with (3), the pattern of rumen 
fermentation, the nature of the microflora, 
amylolytic activity, and the effect of carbo-
hydrate structure need appraisal; (5) the in-
fluence on the utilization of other dietary 
nutrients, including proteins; (6) carbohydrate 
structure, including the effect of processing; 
(7) the effect of nutritional management, for 
example, method of feeding and type of feed 
used; (8) problems associated with cyanogenic 
glucosides, toxicity, and possible thyroid dys-
function consequent to feeding cassava (spe-
cies differences may be involved); and (9) 
development of appropriate feeding systems 
and technologies suited to cassava utilization 
by the ruminant. 
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Improving the Quality of Cassava Root and Leaf 
Product Technology 
Z. Miiller1 
The importance of cassava in tropical nutrition is reviewed; the lower amylose con-
tent of cassava starch making this feed a suitable source of energy for ruminants. Aspects 
of quality are discussed with special emphasis on the content of critical nutrients in cassava 
root products. 
Cassava chips are generally of higher quality than pellets, and both the shape and 
size of the chips were found to have very practical implications regarding the time required 
for sun drying. Thin slices (2 mm) spread over black painted floors can be dried on sunny 
days within 8 h or less; whereas, roughly chipped cassava takes several days to dry with 
detrimental results on quality and economic considerations. 
Pelleting reduces the volume of cassava root products by 25-40%, which is an 
important freight-cost consideration; Aspects of both good and bad practices of pelleting 
cassava-based diets are discussed. One of the great advantages of cassava in ruminant 
nutrition is the slow release of N from the cassava-NPN complex. 
The aerial part of the cassava_ plant can also be processed into leaf meal or pellets 
and is a good source of protein. Industrial production of leaf protein concentrate from 
cassava leaves by the PRO-XAN process offers new investment opportunities, despite its 
high capital intensive characteristics. 
The tropical biosphere favours photosynthe-
tic outputs in the form of structural (cellulose, 
lignin, etc.), rather than soluble (starches and 
sugars) carbohydrates. This appears to be the 
result of a plant evolutionary process that sup-
ports the structure of the plant and its re-
sistance to chemical attack accentuated by the 
tropical climate. Structural carbohydrates, 
cellulose in particular, have been tantalizing 
scientists for centuries because their polymer-
ized structure can be theoretically split into 
3500 molecules of glucose. But the economic 
feasibility of liberating cellulose, locked in 
structural carbohydrates, still presents a chal-
lenge to scientific research. 
The importance of cassava in tropical live-
stock nutrition arises from the fact that the 
deficiency of dietary energy in the form of 
soluble carbohydrates is more acute in the 
tropics because the forages are more fibrous, 
coarse, bulky, and less palatable than their 
temperate counterparts. Butterworth (1967) 
showed that at maturity 96% of all temperate 
grasses (from 760 samples) exhibited a TDN 
value over 55%; whereas, only 48% of the 
tropical grasses (from 312 samples) exhibited 
a TDN value over 55%. These realities are 
even more striking at individual vegetative 
stages. Whereas temperate grasses mature 
slowly, tropical grasses mature rapidly and 
their TDN value often drops below 35%. 
IAsia Research Pte. Limited, P.O. Box 91, 
Alexandra P.O., Singapore 3. 
Animal nutritionists in the tropics face the 
exceedingly difficult task of formulating live-
stock diets with adequate levels of available 
energy. This phenomenon is directly relevant 
to cassava root products for self-sufficient 
livestock production in the tropics. Tropical 
forages, and most tropical feedstuffs (with the 
exception of starchy root products, sago, and 
molasses) are highly contaminated by cell-
wall, lignin, cu tin, and silica (Table 1). 
Tropical feedstuffs with high levels of struc-
tural carbohydrates, such as rice bran or copra 
meal, when fed together with tropical forages 
induce physiological control of the feed intake 
by ruminants. A similar situation exists in 
diets for pigs and poultry when rice bran, copra 
cake, palm kernel products, and other tropical 
feedstuffs, with similar nutritive profiles, rep-
resent a substantial portion of the feeding 
ration. 
Moreover, animals indigenous to the tropics 
usually have a smaller frame and a relatively 
smaller cavity in their gastro-intestinal track; 
thus the accumulation of indigestibles derived 
from poor forage further limits feed intake. 
On this premise, animals in the tropics tend 
to disregard our textbook knowledge concern-
ing caloric concentration in weight units 
(cal/kg), recognizing the caloric values in 
terms of density (cal/litre). This is particu-
larly true of mature animals (lactating cows, 
finishing cattle, lactating sows, and laying 
hens). It is therefore rather misleading to en-
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Table 1. Percentage of structural carbohydrates on a dry matter basis in some 
tropical feedstuffs and forages (Miiller 1976). 
Crude fibre 
Cassava root meal 4 
Sago meal 4 
Rice bran 14 
Palm kernel meal 12 
Cotton seed meal 14 
Copra meal 13 
Napier grass (6 wks) 28 
Pangola grass (6 wks) 25 
Stylosanihes (bloom) 22 
thuse over the striking feed energy yields of 
tropical crops, quoted in statistics, because 
statistics tend to classify the photosynthetic 
output in terms of gross energy, giving fiqres, 
starches, and sugars equal value. The caloric 
content (Meal/kg) of some carbohydrates is: 
glucose 3.74; fructoseJ.76; sucrose 3.97; malt-
ose 3.95; lactose 3.95; dextrine 4.12; cellulose 
4.19; and starch 4.21 (Kolb 1966). 
In practical terms, however, the actual nu-
tritive values of soluble and structural carbo-
hydrates differ greatly, considering the physi-
cal and physiological limitations imposed by 
environmental factors that interfere with feed 
intake. This is the main reason why the sup-
plementation of tropical forages by cassava 
and other donors of soluble carbohydrates 
have such a dramatic impact on livestock per-
formance compared with other tropical "con-
centrates" such as rice bran, copra cake, or 
palm kernel meal. 
Cassava Root Products 
One of the specific features of cassava root 
products is their lower amylase content com-
pared with other starchy carriers, for example, 
on a dry matter basis cassava has 17, sago 
27, potato 22, and maize 21 % amylase (Kolb 
1966). Amy lose is the inner soluble portion; 
whereas, amylopectin is the outer portion of 
the starch molecule. Although both are hexo-
sans (polymers of glucose) their depolymeriza-
tion process during digestion is different. The 
apparently higher amylopectin content of cas-
sava starch predetermines this starchy feed as 
a suitable source of energy for ruminants, 
particularly when fed in conjunction with 
higher levels of NPN compounds. 
To produce 1 tonne of dry cassava (14% 
moisture) requires about 2. 7 tonnes of fresh 
Crude lignin Cu tin Silica 
0.2 
0.3 




6.2 0.7 1.1 
5.3 0.5 0.9 
6.4 1.7 0.8 
roots. The shorter the drying period the higher 
the caloric value of the final product. But, 
regrettably, the cassava trade goes through 
many hands: farmer, subdealer, dealer, miller, 
exporter, and importer. Because cassava is 
usually produced by smallholders the quality 
of the product differs considerably with farm-
ing and processing methods and with varying 
soil conditions, not to mention the probity of 
the farmer. Unfortunately, in many countries 
the adulteration of cassava is the main quality 
problem because standards are usually too 
loose (Table 2). A contributing factor to low 
quality cassava is the narrow difference in 
price levels between low and good quality cas-
sava, which does not offer a sufficient incen-
tive to the farmer to produce a better product. 
Table 3 compares the chemical composition 
of exported cassava root products (and thus 
their quality) from some Asian countries. As 
Khajarern et al. (1977) have pointed out, 
pellets are more often adulterated than chips. 
An analytical survey of samples collected from 
the Khon Kaen Region (Thailand) gave the 
following values ( % ) for moisture (M), crude 
fibre (CF), and ash (A): commercial chips 
12.4 M, 2.82 CF, 3.32 A; commercial pellets 
13.1 M, 2.50 CF, 4.16 A; and commercial 
chips (washed and partly pealed) 9.4 M, its 
CF, and 2.21 A. 
Production of Cassava Chips 
The production of cassava chips is a simple 
mechanical process involving either a slicer, 
cutter, or shredder. The highest efficiency has 
been achieved with slicers similar to those used 
in the sugar beet industry. Washing and peel-
ing of the root results in a better product, with 
a lower content of ash, fibre, and cyanogenic 
compounds. 
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Table 2. Comparison of optimal and minimal nutritive values (%) of 







14.0 ( <14.3) 
70.0 (>68.0) 
5.0 ( <7 .0) 
3.0 ( <5.0) 
Nutritive value of cassava 









'Shipments can be refused that do not meet these requirements. 
Table 3. Content of critical nutrients in cassava root products entering Singapore 
from various Asian countries, averages given in parentheses (Muller 1974). 
Thailand (14 samples) 
Indonesia (23 samples) 
Malaysia (8 samples) 







3 .3-7 .9 (4.7) 
2.6-4.0 (3.2) 
2.6-3 .8 (3 .0) 
1.9-3 .2 (2.5) 
Ash(%) 
2.6-6.9 (4.9) 
1. 7-3 .8 (3 .5) 
1.6-4.3 (3 .4) 
1.5-2.9(2.2) 
Table 4. The effect of the shape and size of sun-dried cassava chips dried on either black or white 
cement on the moisture content(%) of the final product (Thanh 1976). 
Moisture content (%) after 20 h 
White cement floor Black cement floor 
Chip shape and size (mm) 29 °C/30 °C1 28 °C/29 °C 31 °C/32.5 °C 31.5 °C/32 °C 
Circular chips (t X d) 2 
5 x 45 27.6 13:1 16.6 8 .6 (12 h) 3 
10 x 45 47.5 30.2 36.8 30.4 
Rectangular blocks (1 X w X t) 
80 x 25 x 5 32.2 15.1 17.2 12.4 (12 h) 
80 x 50 x 5 36.7 17.0 16.9 11.3 (12 h) 
80 x 25 x 10 37.2 23.3 35.9 28.3 
80 x 50 x 10 47.7 34.6 39.2 3i.4 
Cubes (1 X w X t) 
lOXlOXlO 21.3 14.6 (16 h) 15.3 9.7 (8 h) 
20X20X20 39.8 33.2 37 .1 25.8 
Strips (1 X w X t) 
80X5X5 17.5 16.2 13 .2 (18 h) 7.4 (8 h) 
Slices (t) 
2 13.8 13 .1 (16 h) 10.6 (18 h) 6.9(8h) 
1 The first temperature is the ambient temperature, the second is the floor temperature. 
'd =diameter, t =thickness, I =length, and w =width. 
3The number of hours in parentheses refers to the time required to reduce the moisture content to 15 3, the recorded value is 
the moisture content after 20 h .. 
Chips (10-15 kg/m2) are spread on con-
crete floors and sun-dried in 1 or 2 days. Apart 
from climatic factors, the speed of drying de-
pends upon their shape, and the size and col-
our of the concrete drying area. Several tests 
carried out by the Asian Institute of Tech-
nology in Bangkok, Thailand (Thanh et al. 
1976) showed that by using the proper tech-
nology, drying time can be dramatically re-
duced (Table 4). These experiments have 
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practical application on the quality of cassava 
root products: the quicker the drying process 
the less loss of feed energy through fermenta-
tion and the lower the level of microbial con-
tamination. 
Cassava Pellets 
The commercial purpose of pelleting .cas-
sava root products is to decrease the volume 
by 25-40% (freight-cost criterion); to pro-
duce a uniform product; to facilitate handling 
during transport; loading, unloading; and to 
eliminate the dustiness of the product. The 
history of cassava pellets is not too good be-
cause the old pelleting machines were not de-
signed for starchy materials and thus the out-
put and quality were low. This was further 
affected by the addition of mineral and fibrous 
adulterants, which significantly shortened the 
die life of the machines, and made the pellets 
so fragile that they hardly survived the first 
handling. Thus, the benefits of pelleting were 
usually lost. 
The introduction of modern pelleting plants 
has contributed significantly to the density. 
durability, arid quality of pellets, on one hand, 
and to economics on the other. The addition 
of moisture and/ or heat increases the effec-
tiveness of the pelleting machines in terms of 
output, die life, energy savings, volume reduc-
tion, and nutritive value, and results in better 
utilization of cassava roots by animals. Al-
though the mode of action of the improved 
utilization has not been established, it is sug-
gested that the chemical alteration of the starch 
and other constituents improves the digestibil-
ity of nutrients, including the crude fibre and 
protein of the endosperm (Miiller et al. 1975). 
Pelleting of Cassava-Based Diets 
To achieve high quality when pelleting 
cassava-based diets it should be recognized 
that different steam pressures and differing 
volumes of steam are required for different 
levels of cassava in the diet. The temperature, 
particularly in the absence of moisture, must 
be carefully controlled in diets containing 
sugars (sucrose, molasses, whey, milk, etc.) 
on the one hand, and donors of NH2 groups 
(urea) on the other, because high tempera-
tures in the presence of sugars may support 
the formation of Maillard products. The Mail-
lard reaction is irreversible· and protein bound 
in this process is lost (Mertens 1977). 
The proper levels of supplied heat and heat 
generated during the pelleting process improve 
protein digestibility and in some feeds destroy 
antitryptic substances ( urease). Because cas-
sava diets for monogastric species must be pel-
leted to ensure their proper intake, the heat 
level should not exceed 70 °C to avoid protein 
degradation. Excessive heat can support a 
nonenzymatic browning or Maillard reaction 
in which sugar-aldehyde groups react with 
amino acids. 
Although one should be suspicious of any 
browning process it is not always attributable 
to a Maillard reaction. The high temperatures 
used during the pelleting of cassava roots may 
result in the transformation of a portion of the 
starch into dextrines, which result in a light 
yellow or brown colour appearing on the sur-
face of the pellet. This process is not detri-
mental to the nutritional quality of the 
product. 
Overheating cassava-based diets during the 
pelleting process causes significant damage to 
the utilization of protein by monogastric ani-
mals; however, it is usually beneficial to rumi-
nants. If this process can be controlled in 
terms of decreased solubility of protein, and 
thus their slower degradation in the rumen, 
without affecting postabomasal protein digest-
ibility, it improves N retention, performance, 
and feed efficiency (Chalupa 1975). 
Cassava-NPN Complex with Slow 
Nitrogen Release 
Urea being a 100% soluble source of nitro-
gen does not ensure optimum conditions for 
microbial proteosynthesis in the rumen. These 
negative effects of urea on fermentative proc-
esses in the rumen can be moderated by starch 
carriers that reduce the solubility of the urea 
and time its release for ruminal synthesis. In 
this respect cassava has a good commercial po-
tential. There are basically two processes de-
signed for slow nitrogen release from urea: 
mechanical treatment and chemical treatment. 
The process of NPN incorporation by me-
chanical means involves the incorporation of 
NPN (urea) and other ingredients into cas-
sava starch which, during the process, under-
goes geletanization - a radical change in the 
molecular arrangement. Cassava, urea, and 
other ingredients (bentonide, H3P04 , Na2S04 , 
NaCl, microelements, and vitamins) are 
treated in the extruder. The final product is 
an elastic, semisolid mass that serves, after 
drying and grinding, as a rich source of slow 
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Table 5. Chemical analyses (% dry matter) of leaves collected in Thailand during the wet and dry 
seasons and in different development stages (in weeks) (Holm 1971 cited by Goh! 1975). 
Wet season 
4 weeks 6 weeks 
(70 cm) (lOOcm) 
Dry matter 15.3 14.5 
Crude protein 24.8 22.8 
Ether extract 5.2 6.2 
Crude fibre 18.3 22.8 
NFE 43.2 40.6 
Ash 8.5 7.6 
Ca 0.98 1.03 
p 0.52 0.55 
release NPN for ruminants. The product, con-
taining 55-70% crude protein (NPN derived), 
in comparison to urea is much better utilized 
by ruminants (60-70% digestibility) because 
its lower solubility promotes greater protein 
retention. 
The chemical process for NPN incorpora-
tion is based on the urea-formaldehyde tech-
nology developed by Kadawaki in 1936. Urea 
and formaldehyde are mixed with the cassava 
root. A chemical reaction takes place during 
the pelleting or extruding process aided by 
steam. The temperature inside the pellets 
should be between 60 and 80 °C to support the 
methylization of the formaldehyde and thus 
the formation of methylene ureas rather than 
tetra-, penta-, and hexaurea, which would be 
formed at higher temperatures. The final 
product has a very low bacterial count and 
contains a variety of polymers with different 
nitrogen release times. The crude protein con-
tent would depend upon the cassava: urea ratio. 
A level of 12-15% urea would result in 35-
43% crude protein (NPN-derived) in the final 
product, which is well utilized by ruminants. 
The Aerial Parts of Cassava 
Leaf Meal and Pellets 
Cassava leaves are a good source of pro-
tein; the protein level being much higher than 
that of tropical legumes. The yield of leaves 
is similar to that of roots (about 10 t/ha) but 
by close planting and nitrogen fertilization it 
is possible to obtain a much higher level of 
vegetative growth (40 t/ha or more). The 
aerial part should not be harvested later than 
4-5 months after planting otherwise the de-
velopment of the root is seriously affected. 
Dry season 
8 weeks 4 weeks 6 weeks 8 weeks 
(135 cm) (50 cm) (60 cm) (65 cm) 
16.1 17.8 16.2 18.5 
24.1 25.8 29.0 25.4 
5.0 5.6 6.2 7.0 
26.0 15.2 16.7 18.4 
39.9 45.0 39.5 40.6 
8.0 8 .4 8.6 8.6 
0.99 1.18 1.17 1.41 
0.56 0.73 0.62 0.59 
Limited quantities of leaves can be harvested 
at any time during the vegetative stage but 
always at the expense of lower root yields. 
Apart from their high protein content and 
relatively low level of crude fibre, the leaves 
are very rich in ether extract, which can be 
attributed to high levels of chlorophyll and 
xanthophylls (Table 5). The content of cal-
cium and phosphorus is also relatively high. 
Because of the architecture of the plant, 
sun drying of leaves is quite easy and they can 
be dried within a few hours on sunny days. 
Dry leaves are preserved either in the form 
of leaf meal or pellets. Pelleting in the absence 
of steam inevitably results in some Maillard 
products and mild damage to the protein, 
which exhibits lower solubility. This is bene-
ficial to ruminants but not to monogastric ani-
mals; therefore, leaf meal is more suitable for 
pig and poultry diets; pellets are more suitable 
for ruminants. 
Leaf Protein Concentrate 
The aerial part of the cassava plant also 
offers potential for recovery of leaf protein, 
either for human consumption or for mono-
gastric animals. Research, supported by IDRC, 
is currently being carried out in Colombia, 
Nigeria, and other countries. The commercial 
potential of the utilization of the aerial part 
of cassava by a modification of the PRO-XAN 
process is shown in Fig. 1. 
Although the technology has been well es-
tablished there are some limitations in the 
protein output as described by Kohler and 
Bickoff (1971): (1) only 70-75% of the nitro-
gen in the leaf is in the form of true protein, 
and although 60% of the nonprotein nitrogen 
is in the form of free amino acids, these are 
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Fig. 1. The commercial potential of the utilization of the aerial part of the cassava 
plant (modification of the PRO-XAN process). 
not recoverable in the usual coagulation step 
to obtain protein; (2) the ultimate protein 
yield depends on the number of cells broken 
in the maceration process, and hence on the 
amount of nitrogen made available for ex-
traction from the plant material; and (3) dur-
ing mechanical pressing of the nitrogen-rich 
juice from the fibre, a filtration system de-
velops as a result of the fibrous mat that is 
formed on pressing the pulped material -
protein, especially protein held in the chloro-
plasts, may then be held back limiting produc-
tion yields. 
The importance of defining the most suit-
able period of the vegetative stage (peak 
period) for the extraction of protein has re-
cently been studied by Addy et al. with the 
following conclusions: (1) leaves should be 
harvested when foliar growth and nitrogen 
content reach the optimum protein yield; (2) 
the incidence and duration of the "peak 
period" is likely to be related to the growth 
rate - thus slower growing plants (dry season, 
low fertility of soil, variety, etc.) have delayed 
peak periods of longer duration; (3) the period 
of abundant foliage and maximum nitrogen 
availability is also accompanied by several 
physical and structural factors pertinent to 
the rupture of leaf cells, and hence to protein 
processing; ( 4) during the peak period, the 
leaf cells are more loosely packed, making 
possible larger deformations, and hence rup-
ture (this conclusion must be qualified, how-
ever, by noting that the presence of greater 
airspace could increase the effect of cushion-
ing the applied load, thereby reducing the 
force imparted to the cells); (5) during the 
peak period, the palisade cells are much more 
elongated and slender and thus more unstable 
under buckling compressive-type loads than 
shorter wider columns. The long, slender con-
figuration of the palisade cells during the peak 
period consequently renders them more amen-
able to rupture; after this period, diametric 
cell expansion in the leaf seems to predomi-
nate, and a more stable configuration is ob-
tained; ( 6) the rapid loss of moisture from 
leaves (especially younger leaves), once they 
are harvested, has adverse effects on rupture 
considerations. The loss of moisture causes 
protoplasm to withdraw from the cell walls, 
which lose their rigidity, and the cells can then 
withstand larger deformations without rup-
turing. This imposes limitations on the elapsed 
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Table 6. Rate of return on investment for PRO-XAN system IV operating on 
a 180-day season. 
Sales of dehydrated press cake ($US) 
Sales of leaf concentrate ($US) 
Total sales 
Annual costs (fixed + variable) ($US) 
Total investment ($US) 
Rate of return (%) 
time between harvesting and processing; and 
(7) the greatest fraction of leaf-protein is 
found in the palisade tissue (a greater num-
ber of chloroplasts, for instance), which ren-
ders the spongy tissue to secondary importance 
as compared with the palisades in determining 
Plant capacity (t green-chop forage/h) 
20 40 80 
1 408 608 
718 209 




2 817 469 
1 435 491 
4 252960 
1247167 
2 572 772 
48.5 
5 635 023 
2 870 982 
8 506 005 
2 806 274 
4 334 295 
64.7 
the optimum period for harvesting and pro-
cessing. 
Recent economic research by the U.S. De-
partment of Agriculture (Vosloh et al. 1976) 
demonstrated that leaf protein concentrates 
offer new investment opportunities (Table 6). 
Discussion Conclusions 
• Considerable evidence now exists to show that cassava products can, to a 
large degree, be successfully used as substitutes for certain cereals in nutritionally 
balanced rations for different species of livestock in both tropical and temperate 
countries. 
• It is, however, difficult to define precisely what are the optimum levels of 
cassava that can be used and to draw more than very general conclusions from 
the results of many feeding trials reported in the literature. Few authors have care-
fully recorded the type of cassava that was fed, especially with respect to its physical 
nature and its cyanide content. The widespread use of the terms 'bitter' and 
'sweet' is particularly misleading in terms of actual cyanide content because they 
represent no more than points in a continuous spectrum. Nevertheless it appears 
likely that the cyanide level, although rarely quantified as such, m'ay be largely 
responsible for the conflicting findings of experimental trials. 
• Differences in species response may also be significant. Unfortunately the 
most detailed research in relation to dietary cyanide content has been carried out 
with small laboratory animals and the results of this work may be of limited rele-
vance to farm livestock. 
• It is not possible to draw more than general conclusions from the results 
of the many tijals concerned with feeding cassava products to poultry. This is 
probably due to variations in both the chemical (especially HCN) composition of 
the product and the processing method to which it has been subjected. Incor-
poration of high levels of cassava into the rations appears to be more acceptable 
for broiiers than layers where egg production and quality are particularly suscep-
tible to the types of imbalance that are associated with high cassava diets. 
• In the case of swine rations it appears that, by supplementing the diet with 
appropriate nutrients, it is possible to practice life-cycle feeding using high levels of 
cassava. Nevertheless, there appears to be a need for further study of the impact 
of this practice on reproductive performance. 
• The issue of supplementing cassava-based diets to assure a nutrient balance 
appropriate to the species and class of livestock is one of fundamental importance. 
The nature and extent of supplementation required also varies with the plane of 
nutrition, production intensity, climatic conditions, and the physical nature of the 
diet. It is also related to the other dietary components. 
• The physical properties of a cassava-based diet are also of importance in 
terms of pallatability and feed consumption. With both· poultry and swine, feed 
intake and growth rate respond favourably to pelletization although these responses 
can also be achieved by adding molasses, fat, or water (liquid feeding in swine) in 
order to eliminate the powdery characteristic of cassava-based rations. Such addi-
tions are, however, sometimes less economic than pelleting. 
• The physical nature of the diet is of importance for a second reason. There 
appears to be a need for a revision of traditional feeding standards to take account 
of the fact that for mature animals in the tropics (ruminants in particular), it is 
more appropriate to express the concentration of feed energy in terms of density 
(Kcal/litre) rather than in weight units (Kcal/kg). In such circumstances the 
pelleting of cassava feeds is of particular importance in increasing their intake level. 
• Significant advances have been made in pelleting technology in recent years 
but care needs to be exercised in terms of temperature control to prevent the 
promotion of the Maillard reaction (caramelization) especially in cassava pellets. 
Pelleting may also make adulteration more difficult to detect as is apparent from 
the high fibre and ash (silica) content of many shipments of cassava pellets 
exported from Southeast Asia. 
• · A number of workers have obtained improvements in weight gains in mono-
gastric animals when cassava-based diets were supplemented with methionine. It 
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has been suggested that such supplementation fulfills two functions. First, methi-
onine, which is most likely to be the first limiting amino acid in cassava-based diets, 
is of particular importance as a methyl group donor. Second it appears to be an 
important sulfur donor in the detoxification of the cyanide radical to thiocyanate. 
However, there is evidence to indicate that inorganic sulfur can, partially, sub-
stitute for methionine in the detoxification process. It was suggested that in many 
developing countries it would be more economical to provide methionine through 
alternate dietary protein sources rather than by supplementation with synthetic 
methionine. Thus the need and nature of methionine supplementation should be 
considered within the context of the balance of the ration as a whole. 
• There are limited data regarding the need for methionine supplementation 
for cassava-based ruminant rations. The cyanide content of fresh cassava leaves 
appears to have no adverse effects on large ruminants although there is evidence 
that this is not the case in small and young ruminants. In older cattle, methionine 
supplementation has been reported to improve crude fibre digestibility but this has 
not been related to cyanide intake. 
• Because cassava roots are low in protein content, special care is needed 
when they are used to ensure that a suitable energy to protein ratio is maintained. 
Apart from the possible specific need of methionine for detoxification the other 
essential amino acids must be provided in a balanced form. The protein supplement 
in a high-cassava ration should also be low in fibre and ash, especially for mono-
gastrics, to compensate for the levels of these components in cassava root products. 
• Nonprotein nitrogen (NPN)° compounds can partially serve as important 
sources of protein in cassava-based ruminant diets. When urea is the NPN com-
ponent in such diets the urea appears to be particularly well utilized for amino acid 
synthesis because of the similarity in timing of the release in the rumen of the 
energy from cassava and the nitrogen from the urea. 
• Cassava-based diets may be deficient in essential fatty acids and to some 
extent fat supplementation is important to correct this deficiency, especially in 
laying rations where the need for essential fatty acids is greater than in rations for 
other farm animals. Fat supplementation also enhances the pelleting process and 
facilitates the transport and absorption of lipotropic vitamins providing the fat 
carrier is properly stabilized. 
• Because cassava starch is higher in amylopectin and lower in amylose than 
corn starch, it is less readily digested by monogastrics and, presumably, by poultry. 
The practical importance of this is not dear nor does there seem to be knowledge of 
the pattern of amylotic activity in the rumen nor of the effects of processing cassava 
on its carbohydrate structure. It should be possible to alter the amylose: amylopectin 
ratio by a plant breeding program, but the justification for this is questionable. 
• Mineral supplementation of high-cassava diets may be necessary, not only 
to compensate for the low level of most minerals in the roots, but also to offset 
excessive quantities of added calcium and phytic acid (resulting from adulteration), 
which interfere with the absorption and utilization of certain trace elements, 
especially zinc. Copper, iron, and iodine supplementation may also give beneficial 
results. 
• Vitamins are usually limiting factors in cassava-based diets and may need 
to be added to pig and poultry rations in larger quantities than is the case for 
'cereal-based diets.' The lipotropic factors (choline and inositol) may play a sig-
nificant role in methionine metabolism. 
• Cassava root products are deficient in xanthophylls (carotenoids) and 
require supplementation with these compounds when used in broiler and layer 
rations. 
• Until very recently the agronomic aspects of producing cassava foliage for 
animal feed were virtually ignored. Recent work has indicated that there are 
distinct possibilities in treating cassava as two distinct crops with the roots rich in 
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energy and the foliage rich in protein and pigments. It also appears that the same 
plant can be used to produce several cuttings of leaves prior to harvesting, which 
would naturally result in a reduced yield of roots. 
• The prospects for using both cassava leaves and roots in ruminant diets 
appear to be promising, but more information is needed on the feeding value of both 
products. Little is known about the digestion and utilization of cassava both in 
the rumen and in the subsequent digestive tract, or about the influence of cassava 
on the utilization of other dietary products including proteins, although cassava 
starch is known to be a good vehicle for promoting microbial synthesis using NPN. 
• There is an urgent need to develop packages of recommended technology 
for cassava foliage production; such packages need to include appropriate infor-
mation on the choice of variety, plant population, and agronomic and fertilizer 
practices. The opportunities for mechanizing planting and harvesting appear 
promising. 
• Preliminary work conducted at CIA T has shown that by harvesting cassava 
at 90 days and then at 70-day intervals it is possible to produce a product that is 
52% leaf with a leaf crude protein content of 29% and an overall foliage crude 
protein level of over 20% on a dry matter basis. In a 1-year trial, total production 
per hectare was 20 tonnes of dry matter and 4.0 tonnes of crude protein. In a ration 
in which 28 % of the intake was cassava foliage, which provided 80% of the ration 
protein, yearling steers gained 621 grams a day. In a separate experiment in which 
cassava root meal provided essentially all the energy and 50% of the dietary 
nitrogen was NPN (urea), 18-month-old steers gained 680 grams a day during a 
7-month feeding period. 
• The fact that over 3 million tonnes a year of dried pelleted cassava root 
is shipped from Southeast Asia to Europe, where it is used as an energy source in 
compound pig and poultry feeds, suggests an enormous latent potential for a similar 
use in tropical cassava-producing countries. In addition, the potential for using 
cassava roots and foliage in ruminant feeding in the tropics remains largely un-
explored. In Venezuela it has proven possible to produce protein from cassava 
leaf meal at only one fifth of the cost of protein derived from alfalfa leaf meal. It 
appears that in looking at the rationale for using cassava roots or foliage for animal 
feed it would be productive to express the potential, not in terms of crop yield, but 
in terms of the tonnage of meat per unit of la.nd under cassava. 
• The use of a cassava substrate for the production of single-cell protein, 
destined for use as an animal feed, appears to have considerable potential. A simple 
self-aspirating fermentor built at the University of Guelph and currently under-
going pilot plant trials at CIAT in Colombia shows considerable' promise and 
utilizes a system that does not require sterilization, continuous heating, or the 
addition of specific amylotic agents. With the microorganisms being used it has 
proved possible to obtain a yield equivalent to 52% of the dry matter in the cassava 
substrate and, with the addition of urea, sulfuric acid, and phosphate, to produce a 
product with a 37% crude protein content. 
• Before any cassava fermentation is put into commercial application the 
whole philosophy of using single-cell protein produced from cassava for animal 
feeding needs to be critically examined with respect to its economic implications, 
its applicability in developing countries, and its safety both to the stock eating the 
product and to the people engaged in the production process. 
• The economic implications that require further study involve the raw ma-
terial, the end product, and the production process. With respect to the raw material 
it is necessary to ascertain whether cassava is the most economic carbohydrate 
source for this type of process. The age, growing conditions, and variety of the 
cassava used are of relevance in terms of the sugar content of the tuber because 
this could strongly influence the rate and degree of fermentation. The end product 
needs to be compared with protein derived from conventional sources in terms of 
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cost and biological value. The feasibility and the economic merit of replacing 
the current system by a series of smaller fermentors, or by a continuous fermen-
tation process, need further investigation in view of their attractiveness in simu-
lation studies. Most of these economic. parameters are currently being examined 
although the technology is too new to offer valid data. 
• It is also not yet possible to offer firm recommendations regarding the 
applicability of this process in developing countries at either the fermentor unit or 
the product user level. Care will need to be exercised to ensure that rations con-
taining the fermented biomass are appropriately balanced especially with respect 
to fibre content. 
• Considerable efforts are being devoted to ensuring that the microorganisms 
used at the University of Guelph do not present a safety hazard. Extensive tissue 
analysis has failed to indicate any pathological changes in rats fed the biomass 
produced by any of the three most promising cultures (Aspergillus fumigatus I-21, 
Rhiz.opus chinensis 180, and Cephalosporium eichhorniae 152). However, it is well 
recognized that massive exposure to A. fumigatus spores does infect humans, and 
pneumonia attributable to infection by hyphal filaments of other fungi has recently 
been recorded. R. chinensis is not known to cause infection in man although other 
Rhiz.opus species can do so. C. eichhorniae 152 is unlikely to cause human infection 
because it only grows at a low pH; however, its growth rate is less than that of the 
other two cultures. Efforts are being made to develop nonsporulating and 37 °C 
sensitive mutants of Aspergi/lus I-21 in order to eliminate the safety hazard. A 
nonrevertible asporogenous mutant of Aspergillus (I-21A) has been developed and 
produces even better yields than the parent strain, but hyphal fragments might 
still be a biohazard. Mutants unable to grow at body temperature but which grow 
normally at the high fermentation temperatures have been obtained, but those 
isolated so far are capable of backmutating. Work on this problem is still under way. 
• There are a large number of promising fields for further research in cassava 
root and foliage production; many of these are highlighted in the Workshop papers. 
Apart, however, from purely techni<;:al issues there are a number of research 
priorities in this field that relate specifically to economic development in cassava 
producing countries. These include: the justification for growing cassava rather 
than other crops in areas subjected to high levels of stress; the comparative advan-
tage of using cassava for a given animal species in a specific location; the level of 
processing technology that is feasible in given circumstances in relation to whether 
the product is likely to be destined for the local or the export feed market; the 
prospects for the strategic use of cassava in certain parts of the life cycles of 
different species of livestock; and the need to establish market standards for 
cassava products. 
• Bearing in mind the promising prospects for cassava-based diets and the 
wide range of opportunities for further research in this field the importance of 
working with properly balanced rations and of carefully recording the chemical 
analysis of the cassava material being used cannot be overemphasized. 
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